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ON BISULFITE AS AN INHIBITOR OF CARBOXYLASE AND THE 
l^IEGHANISM OF GLYCEROL FERMENTATION* 

Br JAMES S. WALLERSTEIN and ICURT G. STERNf 
{From the Overly Biochemical Bescarch Foundation, New York) 

(Received for publication, October 14, 1944) 

It tvill be shoira in the present paper that sodium bisulfite, under certain 
well defined conditions, markedlj' inhibits the reaction, pyruvic acid — > 
acetaldeh3’de + CO;, as catal3'zed h3’' 3’east carboxylase, a diphosphothia- 
mine magnesium-protein (1,^2). 

For some time it has been known tliat bisulfite reacts chemically with 
several components of this enz3nne-substratc system. Between pH 5 and 
7, it will form stable comple.\‘cs with pyruvic acid (3) and acetaldeh3'de 
(4), and within a similar pH range it w'ill split cocarbo.\ylase (5), just as 
free thiamine (6), into an insoluble p3'rimidinesulfonic acid and the corre- 
sponding thiazole component. An inhibition of the enz3matic catalysis 
by tWs reagent could, therefore, be due cither to the irreversible destruction 
of the coemyme or to reversible complmc formation with the substrate. Un- 
der the conditions of our e.\-periments, the bisulfite competes tvith the car- 
boxylase for pyruvic add. 


EXPERIMENTAL 
Materials and Methods 

The starting material was a batch of air-dried Krueger’s bottom yeast. 
For experiments on dry yeast, w'eighed amounts of this material were evenly 
suspended in phosphate buffer, usually of pH 6.2, to 306^ a concentration 
of 20 mg. of dry yeast per cc. For experiments on Lebedev juice 1 part of 
dry yeast ivas evenly suspended in 3 parts of warm tap water. After the 
mixture had stood for 2 hours in the incubator at 37°, the thick suspension 
was centrifuged for 30 minutes at appro.ximately 3200 h.p.m. in a horizontal 
centrifuge and the supernatant, translucent fluid w'as carefully decanted. 
5 gm. of the dry yeast employed would yield about 7 cc. of highly active 
maceration extract when treated in this w'a3^ In the preparation of puri- 
fied carboxylase another batch of Krueger’s dry yeast was used, and the 

* These experiments form part of a research project on glycerol fermentation, 
conducted during 1942-44 under the auspices of the Soap and Glycerine Division of 
the Food Distribution Administration, United States Department of Agriculture. 
A preliminary account of this work was given before the Division of Biochemistry, 
American Chemical Society, Cleveland, 1944. 

t Present address. Department of Chemistry, Polytechnic Institute, Brooklyn 2, 
New York. 
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procedure of Green ei al. (1) was followed up to their Step 4. For the 
experiments on apocarhoxylase (coenzj-me-free carboxj-Iase), the drj' yeast 
was treated uith alkaline phosphate and final!}- suspended in phosphate 
buficr, pH 6.2, as described by Lohmann and Schuster (5). The cocar- 
hoxi/lasc used here was a synthetic preparation of Merck. 

The sodium bisulfite employed in this work was Merck’s reagent grade 
(guaranteed minimum purity 95 per cent). For experiments in which tlic 
exact concentration of XallSOj was imporkint, the solutions were analyzed 
by iodomctric titration; otherwise 1 m stock solutions were prepared from 
accurately weighed amounts of the salt, and dilutions were then made 
from this stock solution. In the majority of the experiments freshly pre- 
pared solution.s were used. The pH of the 1 m stock solution was 5.2 as 
me,a.eured with the glass electrode. 

The pyruvic acid was added to the test .system in the form of its cr}’stal- 
linc .sodium or lithium salt.s wliicl) were analyzed for their actual content in 
pynivatc by iodomctric titration in prc-scncc of bisulfite. 

For the determination of carboxylase activity, the standard manometric 
method (.')) was employed, with simple Warburg-Barcroft manometers and 
'tnicai ve-'-'cls of about 20 cc. total capacity. In several instances the 
'Ulf.s obtained In- manometry were checked with the aid of colorimetric 
>l)yruvatc determinations (7) in the reaction mixtures at the beginning and 
at the end of the manometric experiments.* The agreement between the 
two methods w.as satisfactor}-. 

Arrangement of Experiments and Eesults 

The first experiment.s were rlesigned to determine the effect of sodium 
bi-iilfite over a uidc range, viz. at 10"', 10-% and 10“’ m final concentration, 
on the carbo\yl.a.sc activity of dry yeast at pH 0.2 and at low pv-nivatc 
concerdnition (7.0 X 10'* xr). In a typical experiment, 1 cc. of a Krueger 
dr\' ye-vt .■^xt-penrion in 0.1 xt pho-phate hulTcr, containing 20 mg. of dry 
ye.ast, and 1.7 cc. of 0.1 .m pho-phate, pH 6.2, were placed in the main 
compartment of a .‘■cric.s of Warburg ve.jsel.s equipped ivith txvo side arms. 
One of the side anus received 0.3 cc. of a .sodium pyruvatc-magnc.=ium chlo- 
riiic solution, containing .an equivalent of 2 2 mg. of pynivic .acid and 0.1 
mg. of macnoium. The second side arm w.as filled u ith 0.3 cc. of NallSOj 
solution of varying strength (u, 0 1 xr, .and 0.01 xr respectively). The con- 
trol ve-.-eb contained no bi-ulfite. The g.a-s space of the vcs.=cl u-.as left 
fille.l with air. The manometers were placed in the thermostat and cqui- 
libr.ttcd for 7 minute= al 2S'. The .«top-cocks were then clo-^cd and .shaking 
wa'-' continuerl for 20 minut'--, the manometers being read every 10 minutes. 

' Ti.e sutanr! arc ir.d‘:btC'J to Mrr Gcrtruiir D Macngriyn-Davics and Mi;s Lucy 
E.cr(ar.xr.n for llsc coloritactric and vo!u.-nc;nc pyruvnte anah-fc' 
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There was little or no change in gas pressure during this control period. 
Now the substrate was added to the yeast suspension from the first side 
arm. Immediately a positive gas pressure occurred in all manometers 
owing to the onset of the decarboxylation reaction and the liberation of 
COj. After 5 to 10 minutes the bisulfite was added to the reaction system 
from the second side arm and the manometer readings were recorded in 5 
minute intervals for 30 to 50 minutes, depending on the rate of the reaction. 
It was found that 10“’ M bisulfite, under these conditions, had little or no 
effect on the course of the reaction as compared nith the control vessels, 
while 10“’ M bisulfite produced a marked inhibition after a brief lag period 
of about 5 to 10 minutes, increasing in extent ndth time. The vessel 
containing the highest NallSOj concentration (10“’ m) showed a negative 
gas pressure, presumably caused by the autoxidation of the bisulfite which 
is known to be a chain reaction catalyzed by traces of copper. Similar 
results were obtained when Lebedev juice was substituted for dry yeast as a 
source of carbo.xylase. The progressively marked inhibition of the en- 
zymatic reaction by 10“’ Jt bisulfite proved to be a reproducible phenom- 
enon throughout these experiments. In order to avoid the complications 
arising from the reaction of the bisulfite mth molecular oxygen, the experi- 
ments were repeated in an atmosphere of pure nitrogen in which the activity 
of the enzyme itself remains unchanged. To assure completely anaerobic 
conditions sticks of yellow phosphorus were placed in the central well of 
the manometer vessels where they were half submerged in 0.3 cc. of water. 
Gassing the vessels vdth nitrogen (purified nitrogen of the Ohio Chemical 
Company) prior to the experiment was continued until no phosphorus 
luminescence was detectable in the dark, corresponding to oxygen pressures 
of less than 10“’ atmosphere. Under these conditions, 10“’ and 10“’ m 
bisulfite produced an inhibition of the reaction leading to a virtual cessation 
about 12 minutes after adding the inhibitor, while 10“^ m NaHSOj again 
had no effect. The result of such an experiment is shown in graphical form 
in Fig. 1 . 

The inhibition of yeast carboxylase by 10“’ and 10“’ M bisulfite and the 
ineffectiveness of 10“’ m NaHSOj, with pyruvate in 7.6 X 10“’ m concen- 
tration, could be confirmed wth purified carboxylase, prepared according 
to Green el al. (1), as well as ivith apocarboxylase (alkaline-washed diy yeast) 
plus synthetic carboxylase (Merck) as the catalysts. The same was true 
when the sodium pyruvate was replaced by an equivalent amount of 
lithium pyruvate as substrate, and also when the phosphate buffer of pH 
6.2 was replaced by 0.3 m acetate buffer of pH 4.9. The reliability of the 
manometric method for the measurement of the bisulfite inhibition of the 
carboxylase-pyruvate reaction was controlled in several instances by per- 
forming colorimetric pyruvate assays by the method of Friedemann and 
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Haugen (7) on the reaction mixtures at the beginning and end of the mano- 
metric experiment. Thus, in one experiment nith drj' yeast in phosphate 
buffer of pH C.2, with 7.6 X 10 -’ m lithium pyruvate and 10"* m bisulfite, 
the inhibition, as determined manomelrically in duplicate vessels, amounted 
to 40 per cent, while the colorimetric technique indicated an inhibition of 



40 and 32.5 per cent, i.c. a somewhat lower value of the same order of mag- 
nitude. In tlio same c-xpcrimcntal series, 10"’ M XaH-SOj produced an 
inhibition of 41 and 59 per cent, as determined colorimetrically, no mano- 
mclric aailucs lieing avaibblo in thb iaetanre Ixjcau'c of oxj-gon absorption 
by the blnilfite. 
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It will be noted that in the experiments outlined above no inhibition 
occurred when the bisulfite was present in low concentration (10 ~’ m) as 
compared with the pyruvate (7.6 X 10"’ m), whereas a marked inhibition 
was observed at 10~‘ and 10"= M NaHSOj when the inhibitor was present 
in stoichiometric excess over the substrate. In order to determine the rate 
of the reaction under conditions of equimolar concentrations of substrate 
and inhibitor, an experiment was performed with 7.6 X 10"’ M pyruvate 
and 7.6 X 10"’ M bisulfite. Under these conditions, an inhibition of 70 
per cent was observed manometrically. 

The results obtained in the e.\periments performed with 7.6 X 10”’ m 
pyruvate and varying bisulfite concentrations are summarized in Table I. 

The data given in Table I fall short of an adequate description of the 
bisulfite effect because of the change in slope, vith time, of the reaction 
curves obtained wth the enzyme-substrate-inhibitor systems. They 
merely represent the differences in substrate turnover at the end of the 
observation period. 

In the next series of experiments the substrate concentration was varied 
from 3 X 10”’ to 7 X 10”’ ii pyruvate, ■while the inhibitor concentration 
was maintained constant at 10"’ m bisulfite. It was found that at low 
substrate concentrations, at which the bisulfite was in considerable stoi- 
chiometric excess, the inhibition was most pronounced, although the 
absolute reaction rate of the control was relatively small owing to insuffi- 
cient saturation of the enzyme with substrate. As the pyruvate concen- 
tration was increased, the absolute reaction rate also increased, while the 
degree of relative bisulfite inhibition diminished until, at the highest 
pyruvate concentration employed (7 X 10"’ m), the bisulfite-containing 
system exhibited a somewhat higher reaction rate than the control (see 
Table II). In the experiment which is graphically reproduced in Fig. 2, 
the bisulfite caused an inhibition of 91 per cent in the system containing 

3 X 10"’ M pyruvate, of 78 per cent A\'ith 7.6 X 10"’ M pyruvate, and of only 

4 per cent 'with 1.52 X 10"’ m pyruvate. Fig. 2 also illustrates the de- 
pendence of absolute reaction rate on the substrate concentration. 

In another experiment ■with 1.55 X 10”’ M lithium pyruvate and 0.9 X 
10”’ M sodium bisulfite, the manometric readings indicated an inhibition of 
7 per cent, whereas the colorimetric pyruvate determination yielded a value 
of 13 per cent for the inhibition. 

Inasmuch as these experiments demonstrated that the extent of the 
carboxylase inhibition is a function of the bisulfite concentration at constant 
P3nuvate concentration and a function of the pyruvate concentration at 
constant bisulfite concentration, it appeared desirable to compare the 
reaction rate in systems containing equimolar amounts of pyruvate and 
bisulfite and in systems containing identical amounts of pyruvate but no 
bisulfite at different absolute concentration levels. It was found that at 
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1.2 X 10^= M pyruvate and pyruvate-bisulfite concentration respectively 
the inhibition caused by bisulfite amounted to 76 per cent, while at the 

Table I 


Inhibition of Carboxylase hy Bisulfite at 7.6 X 10-> u Pyruvate Concentration 
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N, 


267 

256 

0 






102 


60 






98 


62 

5 

<< H it 

6,2 

Air 


185 

344 

46 








(36)* 








(50)* 

5 

II II II 

~6.2 

N, 


163 

398 

69 


4- carboxylase 



io-‘ 

13 


97 

7 

Dry bottom yeast 

~6.2 

Air 


97t 

327 

70 






95 


71 






102 


69 






75 


77 

8 

Lebedev juice, 0.1 cc. per vessel 

6.3 

fi 

io-« 

lie 

119 

3 





10-» 

36 


70 


0.3 cc. per vessel 




271 

260 

0 




10-» 

124 


52 

0 

Purified carboxylase 

~G.3 

It 

10-» 

317 

318 

0 





10-» 

175 


45 

10 

Apocarboxylasc and cocarbox- 

~6.3 

It 

10-» 

92 

100 

8 


ylase 



10-» 

13 


87 

11 

II 1/ 1 , 

■^5.3 

N, 

10-> 

163 

161 

0 




10-* 

CO 


63 


• By colorimetric pyruvate assay. 

t Diy contact with the NaHSOjfor?, 17, 27, and 37 minutes respectively, 

t Cocatboxylase in contact with NallSOi for 74 minutes. During this period, 
the bisulfite concentration was 10 times that of the final value given above. 

1.2 X 10"' M IcFcl it was only 30 per cent (see Fig, 3). This experiment 
shows that the extent of-bisulGtc inhibition of carboKj.'!a£c action is not 
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only a function of the relative but also of the absolute substrate and inhibitor 
concentrations (see Table II). 

The next point of interest concerns the reversibility of the bisulfite in- 
hibition. We therefore investigated the conditions under which this 
inhibition may be relieved once it has been established in the carboxylase- 
pyruvate system. The observation that the extent of the bisulfite inhibi- 



tion decreases with increasing substrate concentration suggested the use of 
pyruvate for this purpose. To this end, mixtures of phosphate buffer, pH 
6.2, small amounts of pyruvate (2.2 mg. of pyruvic acid equivalent as Na 
salt), and varying amounts of bisulfite were placed in the main compart- 
ment of a series of Warburg vessels. One side arm of the vessels received a 
suspension of 20 mg. of dry yeast and the other an amount of pyruvate 
solution corresponding to 20 mg of free pyruvic acid. The central well 


Cmm 
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contained yellow phosphorus and water, the gas space pure nitrogen. 
When the enzyme preparation was added to the pyruvate-bisulfite mixtures 
in the main compartment, only the bisulfite-free control showed a rapid CO 2 
evolution, while the systems containing 10“* and 10~^ M bisulfite were 
strongly inhibited (see Fig, 4). On addition of the large amount of pyru- 
vate from the second side arm, the inhibition in the vessel containing 10~^ m 
NaHSOj was abolished, while that produced by 10~* m NaHSOs was not ap- 



Fig. 3. Action of carboxylase on free pyruvate and on the pyruvate-bisulfite 
complex. 


preciably affected, as shown in Fig. 4. It should be pointed out that the 
ultimate pyruvate concentration amounted to 7.6 X 10“= m, thus leaving 
the bisulfite still in slight stoichiometric excess in the latter S 3 'stem. This 
experiment demonstrates the fundamentally reversible nature of the 
bisulfite inhibition. 

It has been pointed out that bisulfite is known to react, under certam 
conditions, with several components of the carboxylase-pyruvate system. 
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The subsequent experiments "were designed to elucidate further the mecha- 
nism of the bisulfite inhibition of the catalysis under the particular condi- 
tions obtaining in the present investigation. Thus, if the bisulfite exerts 
its inhibitory effect by a cleavage of the cocnztjme (5), the addition of large 
amounts of cocarbo.xylase would be expected to relieve, at least temporarily, 
the bisulfite inhibition. As the experiment reproduced in Fig. 5 shows, 
the addition of 50 7 of S3mthetic cocarboxylase failed to aflfect the car- 
boxylase inhibition by 10~^ and 10~* m NaHSOj. 

Table II 

Inhibition of Carboxylase by Bisulfite at Varying Pyruvate Concentrations 


Conditions of manometric assay, dry bottom yeast, pH 6.2, 28°, in air. 


Experiment 

NaHSOi 


Results of manometric determinations 

No. 

concentration 

concentration 

With NaHSOi 

Without 

NoHSOj 

Inhibition 


u 

u 

micTolitcfs CCh 

tnicToliUrs COt 

per cent 

1 

10 -* 

6 X 10-5 

156 

251 

38 



2.5 X 10-5 

778 

788 

1 



7 X 10-5^ 

1135 , 

978 

0 

2 

9 X 10-> 

1.55 X 10-5 

748 

696 

7 






(13)* 

3 

10-5 

3 X 10-5 

12 

132 

91 



7.6 X 10-5 

71 

321 

78 



1.5 X 10-5 

530 

551 

4 

4 

1.2 X 10-5 

1.-2 X 10-5 

93 

390 

76 


1.2 X 10-5 

1.2 X 10-5 

478 

680 

30 

5 

10-5 

7.6 X 10-5t 

70 

250 

72 



7.6 X 10-»t 

>316 

470 

<33 


10-5 

7.6 X 10-5t 

55 

250 

78 

1 


7.6 X 10-»t 

78 

470 

■ 83 


*By colorimetric pyruvate determination, 
t Initial concentration. 

} Pinal concentration. 


The same hypothesis was tested in another way; namely, by allowing 
bisulfite to act on cocarboxylase at pH about 6 and 28° and then testing 
for coenzyme activity by adding this mixture to apocarboxylase (alkaline- 
washed dry yeast) plus pyruvate. In one experiment of this type, 10 t 
of S5Tithetic cocarboxylase (Merck) were left in contact with 10~^ and 10~^ 
M NaHSOs for 74 minutes, after which time the coenzyme-inhibitor mixtmre 
was added under nitrogen to the apoenzyme-substrate mixture, which 
involved a 10-fold dilution of the bisulfite. The result w^as that the system 
containing 10~^ M NaHSOa (final concentration) showed an inhibition of 
63 per cent compared wdth the bisulfite-free control and with the system 
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containing 10“* m NaHSOj (final concentration). If the carboxylase 
mhibition by 10~® m bisulfite, which had been previously observed, had 
been due to an irreversible splitting of cocarboxylase, marked inhibition 



Fio. 4. Relief of bisulfite inhibition of carboxylase by the addition of relatively 
large amounts of pyruvate. 

in the latter system would be expected, because the coensyme had been 
in contact for a considerable period with bisulfite of this strength. The 
absence of any inhibition after diluting to yield a final NaHSO^ concentra- 
tion of 10~’ M could be explained either by assuming a complete reversibility 
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of the coenzjTiie cleavage or by the more probable assumption that the 
inhibition by 10~- M bisulfite is not due to a reaction wth cocarboxylase. 

It now remained to ascertain whether bisulfite damages in an irreversible 
manner the protein moiety of carboxylase. Apocarboxylase was prepared 



1^0. 5. Failure of cocarboxylase to relieve the bisulfite inhibition of carboxylase 


by treating the dry yeast with alkaUne phosphate in the usual way (5). 
After removal of the natural complement of cocarboxylase, the alkaline- 
washed yeast was suspended in a 10~“ m bisulfite solution and the suspension 
■was stirred for 20 minutes at 30°, after which it was centrifuged. The 
sediment was suspended in distilled water and recentrifuged in order to 
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remove residual bisulfite. It was then suspended in 0.1 m phosphate, 
pH 6.2, and its apocarboxylase activity was tested manometricaUy by 
adding 10, 20, and 30 -y of S 3 Tithetic cocarboxylase. In all three instances 
an active decarboxjdation of pyruvate was observed, increasing somewhat 
with increasing coeniyme concentration and indicating that 10"' M NaHSOs 
will not inactivate irreversibly the protein part of carboxylase. 

The fact that no component of the diphosphothiamine-magnesium- 
protein system is irreversibly damaged by bisulfite under the experimental 
conditions w'as further substantiated by the demonstration that pretreat- 
ment of dry yeast for 45 minutes at 28° with 10"' and 10"' ii NaHSOj 
and subsequent removal of the agent prior to testing for carboxylase 
acthity ha%'e no appreciable effect and cause no deficiency in coenzyme. 
The absence of a lime faclor in the bisulfite effect on the carboxylase ac- 
tivity of dry 5 'east was ascertained by leaiing the dry yeast suspension 
in contact with 10"' m NaHSOa at 28° for periods varying from 7 to 37 min- 
utes prior to starting the catalysis by adding the pyruvate. The degree of 
inhibition w’as approximately the same in all vessels, 77 per cent (7 min- 
utes contact time), 69 per cent (17 minutes), 70 per cent (27 and 37 
minutes). 


On the Mechanism of Bisulfite Inhibition 

The e.xperimental investigation of the phenomenon of bisulfite inhibition 
of the carboxylase-pyruvate reaction has established the following facts. 
The reaction is markedly inhibited by 10"' and 10"' m but not by 10"’ m 
N aHSOj, at pH 6.2 and 4.9, at 28°, and at low pyruvate concentrations 
(7.6 X 10"’ m). The inhibition is independent of the state of purity or 
dispersion of the carboxylase preparation (see Table 1); its onset seems to 
be preceded by a lag period of 5 to 10 minutes after the addition of bisulfite 
to the enzyme-substrate system. The bisulfite inhibition appears to be- 
come more pronounced with time. At constant bisulfite concentration 
the degree of inhibition decreases with increasing pyruvate concentration 
and it disappears when the pyruvate is present in excess of the stoichio- 
metric amount required for formation of an equimolar complax with the 
inhibitor. Upon comparing the rate of reaction with the degree of inhibi- 
tion at different levek of free pyruvate and pyruimte-bisulfite concentra- 
tions, the extent of inhibition is found to decrease as the absolute reaction 
rate increases ivith increased substrate and substrate-inhibitor concentra- 
tion (see Table ll). The bisulfite inhibition, once established at low 
pyruvate concentration, may be relieved by the addition of relatively large 
amounts of pyruvate, while the addition of synthetic cocarboxylase has 
no effect. Neither the coenzyme nor the protein moiety of carboxylase 
appears to be damaged in an irreversible manner by contact with bisulfite 
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at the pH, temperature, and bisulfite concentrations employed in the 
kinetic experiments. 

The foregoing facts constitute strong evidence that the bisulfite inter- 
feres with the enzjunatic catalysis by reacting with the substrate to form a 
pyruvate-bisulfite addition compound (or complex) which is less readily 
attacked bj' carboxjdase than free pyruvate. Clewing (3) showed many 
years ago that pyruvic acid combines with secondary alkali sulfites 
to form verj' stable double salts or complexes of the formula CHj- 
C(0H)(0-S02Me)-C00Me, which do not decompose even at 115-130°. 
On the basis of the data available it is difficult to decide whether the bi- 
sulfite-pyruvate complex is entirely resistant to carboxylase action or 
whether it is decarboxjdated but at a lower rate than free pyruvate. If the 
former is true, then the slow catalysis occurring at equimolar bisulfite and 
pyruvate concentration should be a function of the dissociation constant 
of the complex; i.e., of the amount of free pyruvate in equilibrium with 
bound pyruvate. 

Kerp (4) has measured the dissociation constants of a number of car- 
bonyl-bisulfite complexes. On the assumption that the pyruvate has a 
dissociation constant of the order of the acetaldehyde-bisulfite complex, i.e. 
of the order of fc = 2 X 10~®, the equilibrium concentration of free pyruvate 
in a 10~‘ M solution of the complex should then be so small as to make it 
improbable that only the free pyruvate is subject to the attack by the 
enzyme. This consideration makes it appear likely that the intact pyru- 
vate-bisulfite complex is also decarboxylated by the enzyme but at a lower 
velocity than the free substrate. In other words, the combination of the 
pyruvate with bisulfite would tend to decrease its affinity for the enzyme 
as expressed by its Michaelis constant (c/. (8)). 

In this connection it is of interest that purified carboxylase is saturated 
mth substrate at 1.6 X 10“* m pyruvate concentration, as indicated by the 
maximum rate of the catalysis at pH 6.0 (Green et al. (1)). In the present 
experiments on dry yeast, the highest substrate tsoncentration employed 
was 1.2 X 10“^ M, at which concentration the pyruvate-bisulfite complex 
was attacked by the enzyme at about two-thirds the rate at which the 
free pyruvate ivas split. It is to be expected that at still higher substrate 
concentrations the relative inhibition of the pyruvate-bisulfite catalysis 
approaches zero as the enzyme becomes saturated with the complex. 
This would correspond to a displacement towards the right of the activity- 
's cursm of the carboxylase-pyruvate-bisulfite ej’^stem as compared with 
free pyruvate as substrate (c/. (8)). 

At the substrate concentration at which the bisulfite inhibition was most 
pronounced (7.6 X 10 ~’ m pyruvate) the enzyme was only very incom- 
pletely saturated vith substrate. Under these conditions the diff 
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in reaction rate in the control and in the bisulfite-containing systems was 
most pronounced, as would be expected, on theoretical grounds, of an 
inhibition of the compelUive type. The decrease in inhibition upon in- 
creasing the substrate concentration at constant inhibitor concentration 
(10~“ M NaHSOs), which was observed in this work, is likeivise predictable 
on this basis (c/. (8)). 

Bisulfite forms also a tight complex with acetaldehyde (4) which was 
one of the products of the reaction under study. This aldehyde, when 
formed in appreciable amounts during the catalysis or when added as such 
to the system, causes an inhibition (5), presumably by affinity for carbox- 
ylase. It is to be expected, therefore, that the trapping of acetaldehyde 
by bisulfite as it arises during the catalysis might relieve the aldehyde in- 
hibition and, under certain conditions, balance the inhibitory effect of 
bisulfite on the reaction. It is even conceivable that bisulfite, in the 
presence of a large stoichiometric excess of pyruvate, could activate the 
catalysis by binding the acetaldehyde, provided that its affinity for the 
latter is greater than for pyrurdc acid. 

That, under the experimental conditions chosen here, no appreciable 
sulfite cleavage of cocarboxylase took place may be explained by the fact 
that the absolute bisulfite concentrations were much lower, and the periods 
of interaction much shorter, than those employed by Lohmarm and Schus- 
ter (5) who allowed 2.3 cc. of 8.3 X 10"‘ m NaHSOj solution to act, at pH 5, 
on 130 mg. of cocarboxylase. Under these conditions, the cleavage of the 
coensyme was found to be nearly complete after 3 days at room tempera- 
ture. At the temperature of flowing steam, the reaction goes to completion 
within 30 minutes (9). 


DISCUSSION 

In the W'ell known fixation process of glycerol fermentation the addition 
of considerable quantities of sulfites to yeast and sugar, at pH 7 to 8, leads 
to the formation of eqsfimolar amounts of glycerol and aldehyde-bisulfite 
complex in yields rarely exceeding 60 per cent of the theoretical. The 
mechanism of this process, as based on our newer knowledge of fermenta- 
tion (c/. (10)), is depicted in Fig. 6. Neuberg and his collaborators, who 
have done the pioneer work in this field (c/. (11)), have maintained in the 
face of statements to the contrary (12) that the pyruvate-bisulfite coinplex 
is as readily fermentable as free pyruvic acid (13). Since pyruvic acid is an 
intermediate in alcoholic as well as glycerol fermentation (see Fig. 6), it is 
evident that the sulfite used as steering agent in the latter process does not 
prevent the ultimate decarboxylation of pyruvate by the enzyme carbox- 
ylase. The apparent discrepancy between Neuberg’s view' and the present 
obsen'ations that bisulfite, under certain conditions, inhibits markedly 
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the action of carboxylase on pyruvate, may be resolved as follows: The 
experiments by Neuberg and Reinfurth (13) were invariably performed at 
high pyruvate concentration (0.1 to 0.25 m); t.e., under circumstances in 
which the inhibition by bisulfite, even when used in equimolar concentra- 
tion, is relatively small. Furthermore, they were carried out in such a 
manner that the kinetics of the bisulfite effect could not be determined 
(incubation of pyruvate-bisulfite mixtures for as long as 7 days at 37° and 
determination of the aldehyde or COj formed at the end of this period). 
Their aldehyde jdelds varied from 46 to 102 per cent of the theory, whereas. 
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Fig. 6. Detailed Bchema of glycerol fermentation in presence of sulfite or alkali, 
based on the work of Neuberg, Embden, Meyerhof, Warburg, and others. 


if bisulfite had not interfered with the reaction, the decarboxylation of the 
pyruvate should have been complete in every instance. 

Glycerol is formed during yeast fermentation whenever acetaldehyde is 
unavailable as hydrogen acceptor to dihydrocozymase. This is the case 
during the induction period of alcoholic fermentation until sufficient alde- 
hyde has been formed from triose phosphate, in the presence of sulfite and 
other trapping agents for aldehyde, and in alkaline fermentation in which 
the aldehyde is changed to alcohol and acetic acid (Fig. 6) or removed 
by aeration. In industrial practice all of these “abnormal” types of fer- 
mentation have certain disadvantages which make it desirable to search 
for other possibilities of glycerol fermentation. In this connection, at- 
tempts to inhibit selectively the acetaldehyde reductase or carboxylase are 


i '^hosphoaWerwnuhie 


16 


BISULFITE INHIBITION OP CARBOXYLASE 


of special interest. WMle in muscle glycolysis pyruvate is the preferred 
hydrogen acceptor for dihydrocozymase (10), the pyruvic reductase con- 
centration in yeast is too low to compete successfully with the dihydroxy- 
acetone reductase (or a-glycerophosphoric enzyme) for the reduced 
diphosphopyridine nucleotide. The advantage of such schemes would be 
the possibility of 'preventing, by small amounts of inhibitors, either the 
formation of aldehyde from pyruvate or its reduction to alcohol, in contra- 
distinction to the fixation method which requires quantities of trapping 
agent equivalent to or larger than the amount of aldehyde accumulating 
throughout the fermentation. It was with this aim in mind that the 
effect of bisulfite on carboxylase in low concentration and at acid pH was 
studied. Cocarboxylase has a structure which is unique among all fer- 
mentation catalysts and intermediates; if it could be split by bisulfite into 
inactive fragments without affecting other components of the system, the 
fermentation would be switched from the alcoholic to the glycerol t 3 q)e. 
However, the present experiments show that bisulfite merely slows dmvn 
the decarboxylation of pyruvate by complex formation, an effect which 
under the conditions of fermentation would progressively decrease in sig- 
nificance as the amounts of pyruvate formed from phosphopyruvfc acid 
become larger. A search for other inhibitors of carboxylase is therefore 
warranted (14). 

STOIMARY 

The decarboxylation of pyruvic acid by yeast carboxylase is markedly 
inhibited by sodium bisulfite, at pH 6.2 and 28", imder conditions in which 
the inhibitor is present in stoichiometric excess over the substrate or in 
equimolar amounts at low substrate concentrations. 

The bisulfite inhibition appears to be independent of the state of purity 
or dispersion of the yeast carbo.xylase preparations used. The inhibition 
may be relieved by the addition of relatively large amounts of pyruvate, 
but not by cocarboxylase. 

The mechanism of the bisulfite inhibition appears to consist in the forma- 
tion of a pyruvate-bisulfite complex which is less readily attacked by the 
enzyme than free pjTUvate. The inhibition is therefore of a competitive 
and reversible nature. 

The bearing of these findings on the mechanism of glycerol fermentation 
is briefly discussed and it is pointed out that an inhibitor of a different type 
bisulfite would be more suitable for changing the yeast fermentation 
from alcohol to glycerol production. 

The authore are indebted to Dr. Carl Neuberg, Dr. Otto Meyerhof, Dr. 
Dean Burk, and Dr. Eduard Farber for stimulating discussions of the 
problem. 
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ON EXTRACTS OF CARP SPLEEN AND THEIR EFFECT ON 
CARBOXYLASE AND COCARBOXYLASE 

By ruth L. BELOFF and KURT G, STERN* 

(From the Overly Biochemical Research Foundation, New Fork) 

(Received for publication, October 14, 1944) 

Studies on the mechanism of gb'cerol fermentation in this laboratory 
have led to the demonstration that j'east carboxjdase may be inhibited, 
under certain conditions, by bisulfite (1). YTien it became desirable to 
employ inhibitors of a greater specificity than bisulfite, Dr. S. Ochoa 
directed our attention to the recent work on the inactivation of thiamine 
by fish tissue (2, 3). Inasmuch as carboxjdase is a diphosphothiamine- 
magnesium-protein (4, 5), it seems possible and indeed probable that co- 
carboxylase (thiamine diphosphate) is attacked by the en 2 ymatic principle, 
present in fresh carp tissues, in a manner analogous to thiamine. The 
present axperiments strengthen this expectation. 

EXPEHIMENTAn 
Materials and Methods 

Carp spleen was chosen as the source material for the present experi- 
ments since Sealock el al. (3) have shown that this tissue has the highest 
content of the thiamine-splitting principle among the carp tissues exam- 
ined. In order to obtain uniform and reproducible results, a number of 
fresh carp spleens were converted into a dry, stable powder by the acetone 
treatment described in detail by these authors. This acetone-dried mate- 
rial was used for the preparation of aU the carp spleen extracts employed 
in this work. Prior to each experiment, varying amounts of the spleen 
powder -were suspended in 10 to 20 volumes of 10 per cent NaCl solution 
by grinding in a mortar, and the insoluble residue was removed by cen- 
trifuging at 3500 R.p.M. The supernatant extract, containing the active 
principle, was reddish and somewhat opalescent. Upon storage of such 
saline extracts in the refrigerator the activity towards thiamine was pre- 
served for periods of a few days. 

The activity of the saline carp spleen powder extracts towards thiamine 
Was ascertained by a photoelectric method based on the diazo reaction of 
Prebluda and McCollum, and representing a modification* of the procedure 

* Fresent address. Department of Chemistry, Polytechnic Institute, Brooklyn 2, 
New York. 

* The kindness of Dr. D. Melnick in placing the details of this modified method at 
our disposal is gratefully acknowledged. Owing to the absence of interfering pig- 
fflenta, the filtration of the reaction mixtures through synthetic zeolite could be 
omitted in the present experiments. 
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described by Melaick and Field (6). The amount of thiamine remainbg 
intact after incubation with the carp spleen extract at 37° and pH 7.4 was 
determined by measuring the light absorption of the xylene extract of the 
pink diazo compound formed with the reagent in a Klett-Summerson 
photoelectric colorimeter with a light filter having preferential transmis- 
sion at 420 mu. A calibration curve rvas constructed with the aid of a 
series of thiamine standards. 

In the experiments dealing with the effect of the carp spleen extracts on 
yeast carboxylase and cocarboxylase, the enzyme or coenayme activity 
remaining after incubation with the spleen extract was determined mano- 
metrically in the usual manner (7, 8). In a few* instances, the results of 
the manometric assay w-ere controlled by pyrmic acid determinations by 
the colorimetric method of Friedemann and Haugen (9). 

The nitrogen content of the tissue extracts was assayed by the Pregl 
micro modification of the Kjeldahl method. 

The electrophoretic experiments were performed with the Tiselius appa- 
ratus as manufactured by the Klett Manufacturing Company, Inc., of 
New York. 


Some Properlies of Carp Spleen Extracts 

The content in total nitrogen of the saline extracts prepared from acetone- 
dried carp spleen powder w'as 1.5 mg. per cc. on the average. At pH 7.4 
and 37°, 1 cc. of spleen extract would split about 37 y of thiamine hydro- 
chloride in 1 hour, as detemrined by the photoelectric method referred 
to above. 

A preliminary examination of such carp spleen extracts in the Tiselius 
declrophoresis apparatus had the following results, A dialyzed sample of 
spleen extract was placed in the tall section anal 3 ri.ical cell of Tiselius (see 
Longsworth (10)) and subjected to electrolysis at 1 .0° for 1 1 ,950 seconds at a 
potential gradient of 3.09 volts per cm.; a 0.05 M phosphate buffer of pH 
7,7 and 0.12 ionic strength was employed as the supernatant solution. 
Visual observation and photographic records obtained with the Svensson 
crossed slit and the Longsworth schlieren scanning technique disclosed the 
presence of three components of different electrochemical behavior (see 
Fig. 1). The component present in the highest relative concentration 
exhibited an anodic mobility of 17.6 X 10"® cm. per volt per second in the 
ascending limb of the apparatus and of 16.5 X 10“® in the descending^ limb. 
Of the remaining two components, one showed an anodic mobility of 
5.6 X 10~® cm. per volt per second in the ascending and of 4.95 X 10^ ® 
the descending limb, while the third component was stationary throughout. 

With a view to securing some information on the mobility of the thiamn^ 
splitting principle present in these extracts, an experiment was performed 
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with the Tiselius separation cell of 11 cc. capacity. The components of 
highest and of zero mobility ivere trapped in the left upper and right upper 
compartments of the cell respectively, and the contents of the various 
compartments were anatyzed for total nitrogen content and their enzymatic 
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Fig. 1. Electrophoresis diagram obtained from crude carp spleen extract. For 
experimental conditions see the text. 


Tabpe I 

Assay of Fraciions Obtained by Electrophoretic Separation of Carp Spleen Extract 

2 gm. of carp spleen acetone powder extracted with 20 cc. of 0.05 m phosphate 
buffer, pH 7.76, at low temperature for 18 hours; suspension centrifuged 20 minutes 
at 3300 R.P.M., supernatant solution ultracentrifuged for 10 minutes at 15,000 B.P..M.; 
clear, reddish supernatant fluid used for experiment without dialysis. 

16,740 seconds electrolysis at potential gradient F = 3.5 volt per cm., 1° and pH 
7.7 (0.05 M phosphate buffer) ; no compensation. 


Limb of 1 
Tiselius cell 

1 

Compartment 

Fraction present 

* Toul 

nitrogen 

Enzymatic 

activity 

towards 

thiamine 

Anode 

Left upper 

Fast component 

mg. per cc. j 

0.58 ' 

y split Per cc. 
per hr. 

3.5 


“ lower 

Mixture 

1.31 ‘ 

78.4 


Bottom 

If 

3.98 ^ 

97.1 

Cathode 

Right lower 

1 1 

4.26 

87.6 

! 

“ upper 

Stationary component 

3.2 

10.1 


activity towards thiamine. In order to obtain as much material in solution 
possible, a ratio of spleen powder to buffer solution of 1 : 10 was employed 
la this experiment. The results of the assays performed on the different 
fractions are summarized in Table I. They seem to indicate that the en- 
tymatic activity is associated neither with the highly mobile nor rrith the 
stationaiy component but that it is probably linked to material of inter- 
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mediate mobility. In order to avoid the loss of activator or coenzjTtie 
occurring during dialysis {cf. (2)), the extract was not diah'zed prior to the 
experiment. 

Effect of Carp Spleen Extracts on Carboxylase and Cocarboxylase 

Yeast maceration e.xtract (Lebedev juice), upon incubation AAith carp 
spleen extract at 37°, loses its power to decarboxylate pyruvate. The 
maceration juice was prepared by suspending dried Krueger’s bottom yeast 
in 3 parts of tap water, incubation for 90 minutes at 37°, and centrifuging 
for 15 minutes at 3400 r.p.ai. 2 cc. of the supernatant, fairK clear extract 
were mixed ■with 1 cc. of 0.1 xt phosphate buffer of varj'ing pH and xnth 
1 cc. of carp spleen extract. After the reaction mixtures were incubated 
for 1 hour at 37°, 1 cc. was placed in the main compartment of conical 
"Warbui^ vessels. The pH was shifted to about 6 by the addition of 2 cc. 
of 0.1 M secondao’ phosphate solution. The side bulb of the vessels con- 
tained 0.3 cc. of sodium or lithium pj'ruvate solution, corresponding to 2.2 
to 4.5 mg. of free pyruvic acid. After the vessels were equilibrated at 28° 
against air as the gas phase, the substrate was added to the enzjTne prepa- 
ration and the changes in gas pressure were recorded in 5 minute intervals 
for 45 to 50 minutes with simple Warburg-Barcroft manometers. Suitable 
controls were run, 10 per cent NaCl solution being substituted for the carp 
spleen e.xtract. It was found in this way that the treatment of the yeast 
extract with the carp spleen extract resulted in an inhibition of its car- 
boxylase activity ranging from 66 to 90 per cent, irrespective of whether the 
incubation was carried out at pH 6.6, 7.1 , or 7.9. An increase of the p}TU- 
vate concentration from 4.9 to 12 and 24 mg. in terms of pjTUvic acid as 
well as the addition of 50 y of sjmthetic cocarboxj'lase (Merck) failed to 
relieve the inhibition produced by the preceding treatment of carp spleen 
extract at pH 6.6, indicating that it is of a non-competitive character. 
By the waj- of e.xample, the result of a manometric carbo.xylase assay on a 
carp spleen-treated j'east maceration extract is reproduced graphically 
in Fig. 2. The inhibition of carboxjdase actixatj' was conhrmed b}' colon- 
metric determination of the pj'ruvate remaining in the system at the end 
of the experiment. In these experiments, the carboxylase Avas present in 
crude, dissolved form. It xvas of interest to examine the effect of carp 
spleen e.xtract on purified carboxjdase in solution on the one hand and on a 
dry yeast suspension, in xA'hich enzjTne is present in undissolved form, on the 
other hand. To this end, j'east carboxjdase Avas purified according to the 
method of Green et al. (41 bj' ammonium sulfate fractionation of j’east 
maceration extract, up to Step 4. After the purified enzj'me aa'rs incu- 
bated AA-ith cai'p spleen extract at oH 6.5, the actix'ity of the enzj’me prepa- 
ration, AA'hen tested manometncaUy against 5.0 and 50 mg. of pj’ruvic acic 
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in citrate buffer of pH 6.05, was found to be practically abolished. In 
order to test the action of the fish tissue principle on carboxylase as a 
constituent of yeast cells the membranes of which have been ruptured by 
autolytic drying, 100 mg. of dried Krueger’s bottom yeast were suspended 
in 5 cc. of 0.15 M phosphate buffer of pH 6.58. After addition of 3 cc. of 
carp spleen extract and 2 cc. of additional phosphate buffer, the mixture 
was incubated for 93 minutes at 37°. A control mixture, containing 10 
per cent NaCl solution instead of the spleen extract, w’as treated in the 



J'lG. 2. Inhibition of yeast carboxylase by carp spleen extract. Curve A, rate of 
pyruvate decarboxylation by control; Curve B, activity of Lebedev juice after treat- 
ment with Carp spleen extract for 1 hour at pH 7 and 37®. 

same way. The manometric assay of both mixtures showed that an inhibi- 
tion of 41 per cent had occurred in the system containing the carp spleen 
extract. The -addition of 50 t of synthetic cocarboxylase failed to relieve 
the mhibition. It remained to be determined whether the attack of the 
carp spleen principle is directed towards the prosthetic group, %.e. cocar- 
hoxylase, or the protein moiety of the yeast enzyme. Two sets of experi- 
ments were performed to test the effect of carp spleen extracts on dry yeast 
which had been freed of cocarboxylase by treatment with alkaline phos- 
phate (apocarboxylase) and on synthetic diphosphothiamine (cocarbox- 
ylase). The apocarboxylase was prepared by treating 1 gm. of dried 
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Krueger’s bottom yeast tivice with 50 cc. of 0.1 m N'a 2 HP 04 solution for 12 
minutes at 30° and washing the residue briefly with distilled water, cen- 
trifuging for separation of the solid material. This treatment removes 
the coenzyme from the undissolved protein component and leaves the 
latter in a state in Avhich it may readily be reactivated by the addition 
of synthetic or natural cocarboxylase plus magnesium ions (7, 8). The 
apocarboxylase was then suspended in 10 cc. of phosphate buffer, pH 6.5. 
4 cc. of this suspension were incubated %vith 2 cc. of carp spleen extract for 
2 hours at 37°. In order to remove the fish principle prior to the mano- 



Fig. 3. Destruction of cocarboxylase by carp spleen extract. Left-hand diagram, 
Curve A, rate of pyruvate decarboxylation by control; Curve B, activity of cocar- 
boxylase after incubation with carp spleen extract for 2 hours at pH 6.5 and 37.5 . 
Kight-hand diagram, coenzyme incubated with carp spleen extract at pH 7.8. 

metric carboxylase determination, the incubated mixture was centrifuged, 
the residue was suspended in 10 cc. of 0.1 m phosphate buffer, pH 6.2, 
again centrifuged, and resuspended in the same buffer to make a final 
volume of 5 cc. As usual a control was run, 10 per cent*NaCl solution 
being substituted for the spleen extract. Both preparations were tested 
for their apocarboxylase activity by the addition of sjmthetic cocarboxylsse, 
lithium pyruvate, and magnesium chloride. The rate of liberation of COj, 
i.e. of decarboxylation of the pyruvate, was the same in both cases. The 
absolute activity was rather low in this experiment, probably because of the 
■well known instability of the apocarboxylase preparation. 

The most clear cut results were obtained upon treating synthetic co- 
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carboxylase with carp spleen extract and adding the mixture to alkaline- 
washed diy yeast in order to ascertain the effect of the fish principle on the 
thiamine pyrophosphate. 100 7 of synthetic cocarboxylase (Merck) 
dissolved in 1 cc. of water were incubated for 2 hours at 37° with 0.5 cc. of 
carp spleen extract and 0.5 cc. of 0.1 M phosphate buffer of varying pH, and 
then an aliquot of these mixtures, corresponding to an original amount of 
15 7 of coenzyme, was added to a suspension of 100 mg. of alkaline-washed 


TABIiE II 

Action of Carp Spleen Extract on Carboxylase and Cocarboxylase 






Manometric assay 


Experi- 
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Erpcri- 

meoCal 

mixture 



No. 
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Cocarb- 
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Inhibition 
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of activity 
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r 
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COt 

mtcrcUUrs 

C(h 

per Cfnt 

1 

Lebedev juice 

7.1 

2.2 


71 

215 

67 

2 

<( <1 

7.1 

4.5 


157 

745 

79t 

3 

(( tt 

6.6 

4 


19 

131 

85 



7.9 

4 


16 

133 

88 

4 

<( « 

6.6 

4.9 

50 

37 

530 

78 




12 

50 

63 

678 

91 




24 

50 

48 

750 

94 

5 

Dry yeast 

6.6 

4 

50 

130 

220 

41 

6 

Purified carboxylase 

6.5 

50 


5 

367 

99 

7 

Cocarboxylase 

6.6 

5 


0 

207 

100 



6.6 

5 


0 

194 

100 



7.8 

5 


131 

166 

21 

® i 

<( 

6.6 

5 


12 

235 

95 

i 


6.6 

5 


9 

204 

96 

1 


7.8 

5 


151 

156 

3 

9 

Apocarboxylase 


5 

50 

33 

36 


— 









* During incubation with carp spleen extract. The pH during the manometric 
assay was always close to 6.0. 

t Chenucal analysis of the pyruvate present before and after the experiment in 
the manometer vessels yielded a value for the extent of inhibition of 74 per cent. 


dried Krueger’s bottom yeast (apocarboxylase) and 5 mg. of pyruvic acid 
(as lithium salt) plus 0.1 mg. of magnesium (as chloride) in a total volume 
of 3 cc. of phosphate, pH 6.0, and the rate of CO2 evolution was observed 
manometrically for about 50 minutes at 30°. The result of these experi- 
ments was that incubation of cocarboxylase with carp spleen extract at 
pH 6.4 to 6.75 under the conditions mentioned above produces complete 
mhibition or destruction of the coenzyme, whereas a similar treatment at 
pH 7.8 leads to little or no loss of activity (Fig. 3). Again, appropriate 
controls were run with NaCl solution instead of the fish tissue extract. 
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The results of the experiments discussed in this section are summarized 
in Table II. 


DISCUSSION 

The inhibition of yeast carboxylase and the destruction of cocarboxylase 
by saline extracts of acetone-dried carp spleen tissue appear to be estab- 
lished as an experimental fact by the data presented in this paper. While 
it is tempting to identify the agent responsible for this phenomenon with 
the thiamine-destroying principle (Chastek paralysis factor) known to be 
present in such fish tissue extracts, proof for this assumption is as yet lack- 
ing. This would require the demonstration that upon fractionation of the 
active spleen or other fish tissue axtracts by different methods the ability 
of the various fractions to split the thiamine runs strictly parallel to their 
inhibitory effect on carboxylase. The same reservation holds with regard 
to the mechanism of the inhibition beyond the statement that it is non- 
competitive in character wth respect to the substrate of carboxylase, 
pyruvic acid. A cleavage of cocarboxylase analogous to that of thiamine 
by the Chastek factor (2) would be expected to yield 2-methyl-4-amino-5- 
hydroxymethylpyrimidine and 4-methyl-5-hydroxyethyldiphosphothiazole. 
The actual isolation and identification of these split-products, if formed 
under the action of the carp spleen principle, would require much larger 
amounts of cocarboxylase than are available to the present authors. The 
failure of synthetic cocarboxylase to restore the carboxylase activity of 
yeast maceration extract and of a dry yeast suspension after treatment with 
carp spleen extract might be explained by assiuning that the pyrimidine 
portion of the coenzyme has been split off, leaving the diphosphothiazole 
portion combined 'with the enzymatic protein and thus preventing the 
combination of the latter with fresh coenzyme molecules. It is of interest 
to note that free cocarboxylase is more readily attacked by the carp spleen 
agent at pH 6.5 than at pH 7.8, while thiamine is split ■ndth increasing 
rapidity at increasingly alkalme pH values, reaching its optimum at pH 
9.1 (Sealock et al. (3)). It is possible, and indeed probable, that the pres- 
ence of the acidic pyrophosphate radical in cocarboxylase is responsible 
for this shift in the activity-pH optimum of the reaction, since it is well 
known that the position of the latter is a function not only of the enzyme 
but also of the structure of the substrate (c/. Haldane and Stern (ll))- 

Various mammalian tissues, e.g. kidney and intestinal mucosa, contain 
a phosphatase which decomposes cocarboxylase into free thiamine and 
phosphate. The inhibitory effect of caip spleen e.xtracts on carboxylase 
and cocarbox-ylase could, therefore, also be interpreted in terms of such a 
phosphatase action, which would occur independently of the cleavage of 
free thiamine, were it not for the fact that the addition of synthetic co- 
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carboxylase failed to relieve the inhibition produced by the carp spleen 
extracts. 

Aside from their interest for the problem of glycerol fermentation (c/. 
(1)), the present observations on the effect of fish tissue preparations on 
carboxylase suggest the possible use of the carp spleen enzyme as a tool 
for the differentiation between thiamino- and p 3 Tidino' or flavoproteins. 
In interpreting results obtained by the action of carp spleen extracts on 
complex biological s 3 ^stems, it should be borne in mind that at pH 6.5 free 
cocarbox 3 'lase appears to be more sensitive to the agent than its combina- 
tion with the enzymatic protein (carboxylase) and also that the sensitivity 
of the latter is enhanced when it is brought into solution and when it is 
chemicallj" purified. 


SmiMARY 

Yeast carboxylase in different states and degrees of purity is appreciably 
inhibited by treatment with saline carp spleen extracts containing the 
thiamine-destroying Chastek paralysis factor. 

Free, synthetic cocarboxylase is likewise inactivated by carp spleen 
preparations at pH 6.5 but not appreciably at pH 7.8. 

The preliminary examination of carp spleen extract in the Tiselius elec- 
trophoresis apparatus has disclosed the presence of three components 
differing in their electrochemical properties. 

The authors VTsh to thank Mr. James S. Wallerstein, President of the 
Overly Biochemical Research Foimdation, for his interest which made this 
investigation possible. 
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The velocity coiistant for the first order reaction, which governs the 
denaturation of the chorionic gonadotropin by urea to a product with 8 per 
cent of the original biologic activity, was recently established at 37.5° (1). 
The present report is concerned with the temperature coefficient of this 
reaction, which was studied at increments in the temperature range 
24.9-46.1°. 

The details of the denaturation and of the biologic assay have been de- 
scribed (1). At the higher temperature range in the present studies the 
inactivation progresses so rapidly that the time (about 1.5 minutes) neces- 
sary to establish equilibrium of temperature would introduce an error in 
the determination if the velocity constant were calculated from zero time. 
Since, however, a first order reaction need not be calculated from zero time, 
the bioassay was performed on a sample immersed in the bath after a 5 
minute inteiwal and then on samples removed at 10 minute intervals. The 
reaction was stopped by dilution with water and cooling. The assay data 
and velocity constants derived from these data are given in Table I. 

In Fig. 1 are charted the values (obtained from Table I) of the logarithm 
of the velocity constant against l/T, where T is the absolute temperature. 
The result is clearly, -within the accuracy of the bioassay, a straight line, 
showing that 

log fc = C - a/T (I) 

Differentiating this simple Equation I, and finally integrating, Arrhenius 
developed the well known equation. 


Q = R2.3 


(log k - log fci) 
(l/T, - l/T,) 


(II) 


in which k, and kt are the rates at the absolute temperatures Ti and T., E 
is the gas constant in calories, and Q is the activation energy for the reac- 
tion in calories per mole. 

If the velocity constants (see Table I and Fig. 1) 0.15 and 0.0072 for 
46.1° and 24.9°, respectively, are used, Q becomes 27,100 ± 1000 calories 
per mole in Equation II. 
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Tabde I 


Inaclivalion of Chorionic Gonadotropin (Prolan) by Exposure to 40 Per Cent* Aqueous 
Urea Solution at Various Temperatures 


TcmperatUfC 

of 

inactivation 

Time of 
inactiva- 
tion 

Ratio of 
control to 
c.’ipcrimcntal 
dose 

Jfcan uterine wctglitt 

Estimated 

reroveryof 

hormone 

Correct 
assay, 
range 19 of 
20 times 

k (min.-*)* 

Control 

Experimental 

'C. 

rtfn. 




Per cenl 

per cent 


46.1 

5.0 

0.5 


40 ± 4.5 

38 

±4.5 



10.0 

0.25 

1 

54 ± 4 .Si 

23 j 

±2 

0.14 

46.1 

6.0 

1 0.5 

60 ±9 

65 ± 8 

48 1 




10.0 

0.25 

53 ±7 

72± 13 

27 

! ±8 

0.151 

44.9 

5.0 

0.5 

53 d :8 

46 ± 7 

47 

±11 



10.0 

0.25 

53±8 

51 ± 8 

29 

±4 

0.12 

44.9 

20.0 

0.2 

74 ±6 

40 ± 5 

13 

= b 3 

0.14 

37 .S 







0.03611 

31.9 

60.0 

0.5 

80±7 

29 ± 2 

24 

±5 

0.028 


f 20.0 

0.25 

80±7 

61 ± 8 

18 

±2 

0.019 

24.9 

60.0 

1.0 

57 ±8 

34 db 5 

68 

±16 

0.0072 


180.0 

0.6 

59 ±8 

33 ± 6 

33 

±8 

0.0073 


* 40 parts of urea, 60 parts of HiO, 0.6 part of NaCl, 0.4 part of prolan, pH7.0. 
t Mean plus standard deviation of the mean, 
t Velocity constant. 

§ Solution ivithout 0.6 per cent NaCI. 

II Data from previous publication (1). 



Fig. 1. The logarithm of the velocity constant is plotted against the reciprocal 
of the absolute temperature, the results of which indicate a straight line function. 
This line maj' obviously be used as a regression line to calculate the standard error 
of the Arrhenius constant. The line was rotated by a distance at each e.vtreme tem- 
perature equal to the standard deviation of the mean of the distances of the points 
to the line. Q "'as then recalculated. 

■With substitution of 27,100 calories for Q and 0.0072 for k in Equation 
II, k at 0° becomes 0.000111 or, converted to seconds, 1.85 X 10"*. 

With the above data, the entropy of activation which entails the de- 
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naturation may be calculated from Equation III for the absolute rate of 
denaturation (2) which at 0° becomes 

h = S.7 X 10>« X X (III) 

AS, the entropy of activation, is 14.1 calories degree”^ mole~^. 

The temperature coefficient for a 10° inten^al becomes (0.15/0.0072) 
which equals 4.2. 


DISCUSSION 

The studies of the rates of inactivation of chorionic gonadotropin under 
various conditions (1, 3) have revealed that there are a number of distinct 
reaction products characterized by less biologic activity than the intact 
hormone. The reaction in 40 per cent urea solution at 37.5° yields a reac- 
tion product ivith 8 per cent of the original activity, which slowly goes 
over to a form retaining 4 per cent of the original activity; a product with 
4 per cent biologic activity is also obtained by heat inactiyation at 100°- 
At room temperature in aqueous solution a product possessing about 20 per 
cent of the original activity is obtained. The calculated results of the 
present study are based on the assumption that the product formed at 
37.5° is also foimed in the range of temperature studied. The correctness 
of this assumption is substantiated by the results of Fig. 1, the data of 
which are based on the assiunption and upon the agreement of the velocity 
constants calculated at different time intervals for the same temperature. 

The heat of -activation of 27,100 calories per mole, -with a temperature 
coefficient of 4.2 for chorionic gonadotropin in urea solution, agrees almost 
exactly -with that of the hydrolysis of cane sugar in water, which is pseudo 
monomolecular. The values are obviously imique for a denaturation, but 
the denaturation is in itself unique in that it represents only a part of the 
final process. This is contraiy to the conception based on heat denatura- 
tion with concomitant precipitation that “what is peculiar about denatura- 
tion as a complex reaction is that it is an all or none reaction” (4) . Although 
the denaturation of chorionic gonadotropin is exceptional with respect to 
both heat of activation and entropy of activation, it is comparable with 
other denaturations when compared on the basis of free energy of activa- 
tion. The value estimated from the data by substitution in Equation IV 
is about 23,000 calories mole~* at 36°, which agrees well -with that for hemo- 
globin, which is 28,000 calories mole“b 

AF = hH - T&S (IV) 

where AH is the heat of activation, AF is the change in free energy, and 
AS is the change in entropy. 

While considerably more study of the denaturation of the gonadotropin 
is warranted, in the light of the results at hand one can conceive of the 



32 


CHORIONIC GONADOTROPIN 


dissociation of denaturation as taking place in steps, each step producing 
a more dissociated molecule of lesser biologic activity. Since no molecule 
other than water or urea could enter into the reaction and since it is difficult 
to picture these substances inducing structural changes (in the sense of 
atomic linkage), this concept must lead to the deduction that the biologic 
activity is dependent upon the spacing of active points (secondary valence 
foci) on the surface of the molecule. Structurally the active points are still 
present in the dissociated molecule, but they become improperly spaced 
and so lead to lesser activity. In this respect the biologic activity of the 
hormone is analogous to a contact catalyst (5) in which the spacing of the 
active points functions to determine not only the degree but also the quali- 
tative nature of the response. 


SUM-MAKY 

The inactivation rate of chorionic gonadotropin in aqueous 40 per cent 
urea solution to a product with 8 per cent of the original biologic activity 
was studied for the temperatui’e range 46.1-24.9°, noth the following 
results. 

'^^The velocity constant, k (min.~^), was 0.15 at 46.1° &nd 0.0072 at 24.9°. 

•The heat of activation for the denaturation was 27,100 calories mole~* 
and the entropy of activation for the denaturation was 14.1 calories 
degree"* mole"'. 

The temperature coefficient for a 10° increment was 4.2. 

Although the denaturation is exceptional with respect to both the heat 
of activation and entropy of activation, it is comparable with other de- 
naturations when compared on the basis of free energy of activation. 
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CONTENT AND STATE OF GLUTATHIONE IN THE TISSUES OF 
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Data on the content and state of glutathione in the tissues of the eye are 
scarce (1-3). A more extensive study seemed desirable since the tissues 
of the eye differ nddely in respect to their origin and their function, and 
because of the possible role of glutathione as a component of the oxidation- 
reduction system, the activity of which seems to be essential for the secre- 
tion of the intraocular fluid (4). 


Technique 

The bulk of the material which we examined came from bovine eyes. 
They arrived at the laboratory about 3 hours after the death of the animal 
and were used immediately. The lapse of time between killing and arrival 
at the laboratory, as well as the handling of the eyes in the slaughter-house, 
seemed to be without influence on the glutathione level, since essentially the 
same figures were obtained wth extracts w'hich w^ere prepared in the slaugh- 
ter-house immediately after the animal %vas killed. 

The method of isolation of the ciliary processes has been described else- 
where (5). For samples of lens cortex we used the outer layer, which is 
most easily teased off, while the samples of lens nucleus consisted of only 
the innermost part of the lens. The intermediate portions were discarded 
in these experiments. The comeal epithelium was scraped off with a 
scalpel. A complete separation is possible because of the smooth surface 
and toughness of the stroma. In the experiments with retina we took the 
whole retina except for the pigment epithelium. The dissection of the 
other tissues of the eye does not require special comment. 

The data in the literature on the glutathione content of tissues are sub- 
ject to considerable uncertainty. In many tissues this level varies over a 
ivide range and many determinations have to be carried out in order to 
obtain representative figures. A comparison of the available results is 
rendered difficult because entirely different methods are used for the de- 
termination of glutathione, without sufficient assurance that the frequent 
discrepancies encountered are not merely of a technical nature. This seems 
to hold particularly when different methods are also emplo 3 ’'ed for the 

* This investigation was supported by the John and Mary R. Marklc Foundation. 
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reduction of oxidized glutathione. We have tried to avoid this objection 
by using two different methods for determination and reduction of the 
glutathione in the tissues studied. We have compared (Table II) the 
glyoxalase method, as elaborated by Woodward (6) and the reduction 
procedure of Dohan and Woodward (7) ndth a colorimetric method, based 
on the nitroprusside test in the modification proposed by Fujita and Nu- 
mata (8), and the reduction technique devised by the same authors (9). 

Glyoxalase Meihod—We adopted Behrens’ modification of Woodward's 
original method for the preparation of glyoxalase, using the same strain 
(Standard Brands No. 189) as the starting material, since higher activities 
were obtained by this procedure (10). Considerably higher activities 
claimed by Woodward (6) are apparently obtained only noth exceptional 
yeast strains (personal commimication). 

Methylglyoxal was prepared according to Henze and Muller (11). The 
tissues were extracted rvith amounts of 2.3 per cent sulfosalicylic acid which 
provided suitable dilutions for the determinations. The samples were 
ground 'in a porcelain mortar without addition of sand. E.xtraction with 
2 per cent metaphosphoric acid gave higher blanks and lower activities. 

, The determinations were carried out manometricaliy. 0.5 ml. of a 15 

20 per cent suspension in distilled water of the glyoxalase preparation 
>'as pipetted into the main compartment of each Warburg flask. The 
concentration was adjusted within the indicated limits so as to give highest 
activity and the least disturbing blank. The suspensions were freshly 
prepared for each series, although no decrease of the activity was encoun- 
tered if they remained in the ice box for 2 days. 0.2 ml. of a 1 per cent 
solution of methylglyoxal and 0.2 ml. of a 0.2 m solution of sodium bi- 
carbonate were likewise placed in the main compartment. In order to 
obtain optimal activities with different yeast preparation-s, a small adjust- 
ment (0.2 to 0.4 ml.) of the amount of added bicarbonate usually is required. 
0.5 ml. of the tissue extracts previously neutralized vdth a small amount of 
saturated sodium carbonate is placed in the side arm. Three standard 
samples covering the range from 0.025 to 0.15 mg. of glutathione dissolved 
in 0.5 ml. of 2.3 per cent sulfosalicylic acid and a blank were carried along 
in each run. The vessels were flushed with a mixture of 95 per cent Ns -f 
5 per cent CO 2 for 10 minutes. The contents of the side arms were dipped 
over, followed by an additional shaking period of 5 minutes for equilibra- 
tion.' The temperature of the water bath was 30°. Readings were taken 
for 20 minutes at 5 minute intervals. The CO 2 output for 0.1 mg. of 
glutathione for 20 minutes, corrected for the blank, was approximately 

97 c.rran. . , , .u 

Colorimetric Method— The colorimetric determmation, based on tne 

nitroprusside reaction, was carried out essentially according to the pro- 
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cedure of Fujita and Numata (9), Metaphosphoric acid was used as 
extracting fluid and the grinding of the tissue was again carried out in the 
absence of sand. In order to facilitate thorough mixing of the reagents, 
the extract and reagents were pipetted into wide 50 ml. centrifuge tubes. 
Ammonia was added, the sample was thoroughly mixed, and readings were 
taken ndthin 1 minute after the addition of the ammonia, with a lOett- 
Summerson photoelectric colorimeter and a No. 54 filter. Standards 
and blank were run simultaneously with each set of samples. With su£B- 
cient time for thermoequilibration of all samples, temperature corrections 
became unnecessary. 

Testing the influence of various factors on the color development, we 
found that a lapse of time up to 2 hours between preparation and use of the 
nitroprusside solution and also between addition of the fresh nitroprusside 
solution and of the ammonia to the sample was without an appreciable 
effect. Further delay gave deviating results. The presence of a consid- 
erable amount of HjS in the sample did not interfere with the color de- 
velopment. Although sufficiently reproducible readings were obtained 
when taken within 1 minute after the addition of the ammonia, we tried 
to find means to prevent the well linonm fading of the color. Abderhalden 
and Wertheimer (12) observed a decrease of the fading rate on addition of 
cyanide and we ivere able to confirm this finding qualitatively. Assuming 
that the disappearance of color might be catalyzed by traces of metals, we 
added various metal binders: sodium pyrophosphate, potassium ethyl 
xanthate, sodium citrate, allylthiourea, sodium diethyldithio carbamate, 
and hydroxyquinoline. A stabilizing effect was observed only rvith the 
last. 2 mg. of hydroxyquinoline inhibited the fading of the color in a 
0.1 mg. GSH* sample about 50 per cent. The rate of fading was not altered 
by the addition of copper or by development of the color in vacuo. These 
data make it seem improbable that the fading is due to an oxidation or to 
other metal-catalyzed reactions. We were unable to find in the literature 
on the reaction mechanism of the nitroprusside reaction an explanation 
for the effect of hydroxyquinoline. 

In reduction of the extracts the original prescriptions of the authors 
were followed closely. In most instances sulfosalicylic acid e.\'tracts were 
also used for reduction with HiS, since such extracts could be used for the 
manometric as well as for the colorimetric determination, and tests with 
knonm amounts of oxidized glutathione showed satisfactory recoveries. 
In several experiments (Table II} Fujita and Numata’s method was used 
for the reduction of the tissue itself. In this case the reagents were added 
uot to the extract but to the tissue suspension which contained 0.5 gm. of 
ground tissue in a volume of 5 ml. 

* Glutathione. 
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The incubation of tissue preparations with oxidized or reduced gluta- 
thione was carried out under aerobic and anaerobic conditions. The tissue 
(400 to 500 mg.) was minced i\-ith scissors and pipetted into 50 ml. Erlen- 
meyer flasks for aerobic experiments and into Thunberg tubes when anaer- 
obiosis was required. The tubes were evacuated ivith a Cenco Hyvac 
pump for 10 minutes. Some difficulty was encountered in the case of the 
lens, wliich foamed badly. The vessels were immersed in a water bath of a 
Warburg apparatus, maintained at 37.5°, and agitated by the attached 
shaker device. The oxidized glutathione was prepared by bubbling oxygen 
through a solution of reduced glutathione adjusted to pH 8. A sample of 
cozymasc which was used in one of the experiments was prepared (Step B) 
according to Meyerhof and Ohimeycr (13) and tested for activity in a lactic 
dehydrogenase system. 


Results 

Content — In order to ascertain the comparability of our results, we tested 
the glutathione content in some organs which had been examined by other 
authors. From the data summarized in Table I there appears to be a 
f)oint of general agreement in the fact that the figures of different authors for 
certain organs are scattered over a uide range but in other instances remain 
within narrow limits. From this it would seem that the range of the 
values is just as characteristic for the respective organs as the average 
values themselves and should be adopted as the preferred notation. This 
would conform to Ennor’s (14) conclusions which were based upon the 
variability of the content of glutathione in liver. As far as it is possible 
to make a comparison in view of the scattering of the results, our figures 
agree xvith those of the other authors in respect to reduced glutathione. 
Some discrepancy was observed in the case of rabbit blood, for which Dohan 
and Woodward (7) found a content of 49 mg. per cent, whereas our highest 
value is 36 mg. per cent. It might be mentioned at this point that blood 
samples from the same rabbit taken on subsequent days gave practically 
identical values. The colorimetric and the manometric methods gave 
good agreement (Table I). 

A qualitative discrepancy seems to exist in respect to the values for 
oxidized glutathione. Fujita and Numsta (15) report in some instances 
as much as 55 per cent of the total glutathione in a tissue in the oxidized 
state, while the other authors listed in Table I were unable to detect any 
appreciable amount of oxidized glutathione. 

Among the tissues of the eye we found (Table II) by far the highrat 
concentrations of glutathione in the lens, in agreement with the data for 
reduced glutathione given by Fujita and Numate (15). Deteimmations 
oi the separated nuclear (about 66 mg. per cent) and cortical portions 
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(about 500 mg. per cent) showed a considerably higher concentration in the 
latter. Similar results were obtained for rabbit lenses by Rosner et al. 
(18). An even greater inequality of distribution was found in the cornea. 
The level in the isolated epithelium rvas 110 mg. per cent and in the stroma 
5 mg. per cent. The amount found in the whole tissue is as low as 23 mg. 

Table 1* 

Comparison of Glutathione Contents in Various Organs 


The figures are in mg. per 100 gm. of tissue, fresh weight. 


Tissue 

(1) 

Rabbit 1 

Rat 

Colorimetric 

(2) 

Gly- 

ota- 

lase 

(3) 

Colori- 

metric 

Col- 

ori- 

met- 

lic 

(6) 

1 

iciy- 
! oxa- 
iase 

1 

I 

(7) 

Colorimetric 

! 

1 Glyoxalase 

1 

O 

o 

o 

(5) 

W 

1 0 
, (8) 

: 0 

to 

to 

0 

C9) 


1 

i 

! cii) 

02) 

03) 

Kidney 

75, 69, 74, 

104 




100 

,162.8 

1 

' 6 

101.4 

134 


53 











1 













1 



Lung 


■tial 



140 




1 77.6 

i 



Heart 


1 64 

|78.3 

44.5 

60 

65 

52.2 

36.8 

84.2 


67, 64 

65, 62 

Spleen 

77.5 




130 

125 




100 

1 

92, 60, 

1 


1 









! 

73,76 

Muscle 



55.3 

43. 7 I 







1 




78! 









1 


Blood 



36.8 

41.6 


1 




1 






























24, 26, 25, 













27 









! 

j 


Liver 





280 



43 


116-' 

177, 

m. 








1 



236! 

164, 

187, 











1 

175 

177 


* Bibliographic references are as follows; Columns 2, 3, 6, 7, present authors; 
Columns 4, 5, 8, 9, Fujita and Numata (15); Column 10, Fujita and Numata (16); 
Column 11, Woodward (6); Column 12, Doban and Woodward (7); Column 13, Schroe- 
der and Woodward (17). 

t GSH = glutathione; GSSG = oxidized glutathione. 

per cent, since nine-tenths of the bulk of the cornea is made up by the 
stroma. The glutathione content in the retina (75 mg. per cent) is com- 
parable to the concentration in the brain and various glands (15). Low 
values Were found in the iris (27 mg. per cent) and in the ciliary body 
(29 mg. per cent). 

In the lens and retina of the unborn calf (7 months of gestation and at 
term) a glutathione concentration of approximately the same order of 















38 


Glutathione in tissues of eve 


magnitude was found as in the adult animal (Table II). The concentra- 
tion in the cornea was apparently considerably lower than in adult tissue, 
since a negative nitroprusside test was obtained in extracts from comeal 
tissue of sufficient quantity to make it possible to detect as low a concen- 
tration as 5 mg. per cent. It should be mentioned, however, that the 
glutathione content of the lens of the rabbit has been found to increase 
from 50 to 200 mg. per cent in the first days after birth (Rosner et al. (18)). 

Table II 


Glutathione Content of Tissues of Bovine Eye 


Tissue 

CoJofunctric method 

Glyoxalase method. 

GSH 

GSSG* 

GSH 


mg per cent 

mg per cent 

mg. per cent 

Lens. Whole . . 

26G, 310, 268, 248, 300, 


212.5, 250, 300, 


450, 332 


175, 290, 200 

“ Cortc.\.. 

520, 570, 388, 450, 492, 

0, 45, 105, 



476 

0, 0 


“ Nucleus . . 

69,79,67, 100,89,66,64 

54, 71,44 


" Whole (embryonic) 

270i 400 



“ » (rabbit). 

350 



“ Nucleus (rabbit) 

1 120 

74 


.. . Whole 

25, 21, 23 


25,29 

“ Epithelium 

130, 78, 84, 136, 150, 140, 

0 1 

150, 178, 136, 


104, 112, 110, 127 


ISO 

“ Stroma 

7.1,5, 4, 6,3 

0 

5, 7,4 

*' Epithelium, cm- 




bryonic 

<5 



Retina. .. . 

74,70,74,75,48,73,69, 

0 

63, 60, 50, 108, 


91, 83, 85, 95 


99 

” Embryonic 

60 



Ciliary body. 

30,28, 33,25,39,21,33, 

15.5, 29 

23, 30, 30, 22 


36, 25, 22, 30, 34, 33 



Iris . 

20,28,33,30,25,30,22 

18 

14, 21, 15 5, 20 

Aqueous 

0 

0 1 



* On reduction of the tissue suspension itself. 


Various attempts were made to detect oxidized glutathione, not only in 
the tissues of the bovine eye, but also in several organs of the rabbit. We 
followed strictly Fujita and Numata’s prescription for the reduction and 
determination (9) and we also applied Dohan and Woodward’s reduction 
method (7). We tried to vary extractants and the concentrations of then- 
solutions and we tested the organs from animals which were freshly kiUed 
and some organs which were removed and stored in the ice box for severe 
hours. Finally, we compared organs from well fed and from fasted animals. 
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Although in all instances added oxidized glutathione could be quantitatively- 
recovered, no increase of the total glutathione values was observed after 
reduction of the tissue extracts. Dohan and Woodward’s (7) and Ennor’s 
(14) results as well as our owti findings make it unlikely that extractable 
oxidized glutathione is present in the tissues examined, although the dis- 
crepancy of Fujita and Numata’s results cannot be explained at the present 
time. These negative experiments did not exclude the possibility that 
oxidized glutathione is bound to the proteins of the tissues by formation of 
disulfide bridges between the sulfhydiyl groups of glutathione molecules 
and the SH groups of the proteins. Glutathione bound in this manner 
should become extractable on reduction of the whole tissue suspension 
preliminaiy to e.xtraction. With a reduction technique adapted for this 
purpose (see previous section) we actually found higher values in the ciliary 
body, the iris, and the lens nucleus. This finding was checked in the case 
of the ciliary body -uith the glyoxalase method and the same increase was 
obtained, which would indicate that the SH groups which appear after 
reduction of the tissue suspension actually belong to glutathione and not to 
cysteine. No increase was observed on reduction of tissue suspensions of 
the retina or comeal epithelium. Negative results were also obtained with 
kidney, muscle, and blood of rabbits, the twm latter being tissues in -which 
Fujita and Numata found 50 per cent of the total glutathione in the oxi- 
dized state (Table II). 

Eeduchoa— -The figures for the glutathione level in tissues represent a 
steady state rather than a static condition. Therefore, -we tried to obtain 
information about the rates at which glutathione is oxidized or reduced 
by the tissues of the eye (Table III). First the reduction of oxidized 
glutathione was examined, both under aerobic and anaerobic conditions. 
Anaerobically, all tissues reduced added oxidized glutathione, the rate of 
reduction being high during the 1st hour of incubation and decreasing to 
practically zero in the following 2 to 3 hours. The total amount of gluta- 
thione reduced in this time varied with each tissue. The greatest amount 
of GSSG^ was reduced by the comeal epithelium (about 4 X 10“^ milli- 
equivalent per gm. of tissue, fresh weight) and by the lens cortex. The 
values for retina, ciliaiy body, and iris -were lower, descending in the order 
mentioned. 

Aerobically, we consistently obtained an equally' extensive reduction 
only with suspensions of corneal epitheliiun. Lens corte.x also gave high 
values, but in one out of three ex-periments no reduction was obsen'ed. 
The quantity of glutathione reduced by the other tissues aerobically 
amounted to only a small fraction of that reduced in absence of O:, or there 
was no reduction at all (ciliary body, iris). After reaching the maximum 

* Oxidized glutathione. 



Table III 

Reduciion of Oxidized Glulalhione by Suspensions of Various Tissues 
unt of tissue, 400 to 500 mg. per sample (fresh weieht): amount of oxiHrapH uliitnM,; ~ 
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level the amount of reduced glutathione remained constant for se^•eral 
hours under anaerobic conditions; aerobically a gradual decrease was 
observed on prolonged incubation. This is apparently due to a non-en- 
zymatic oxidation, since the glutathione can be recovered on reduction 
with H 2 S or by electrolysis and since the rate of disappearance is the same 
vith boiled and ndth fresh tissue (Table III). 

The high reducing capacity of the corneal epithelium was further ana- 
lyzed. We found that the activity is lost when suspensions of corneal 
epithehum in Ringer’s solution are heated for 20 minutes at 66° and when 

Table IV 

Reduction of Oxidized Glutathione by Various Tissue Preparations; Reactivation of 
Inactive Tissue Residues by Heat-Stable Extracts 


Residue and e.xtract corresponding to 500 mg. of tissue, fresh weight, persample; 
oxidized glutathione added, 2 mg. per sample; incubation, 30 minutes at 37.5°. 


Organ used for preparation 

Reduced glutathione recovered ; 
after incubation 

Average 

increase- 

Residue 

Extract I 



mg. 

ms- 

Cornea 


0.4,* 0.6, 0.5 



Cornea 

0.4,* 0.4, 0.3, 0.5 


Cornea 

<1 

1.3, 1.5, 2.0 

+0.7 


Liver 

0.6,* 0.5, 0.6 


Cornea 

« 

2.5, 1.5, 2.9 

+1.5 


Kidney 

0.2,* 0.1, 0.2 


Cornea 

II 

1.3, 1.0, 1.8 

-bO.7 

Retina 


0.6* 



Cornea 

2.5 

-t-1.5 

Ciliary body 


0.1* 


t* If 

Cornea 

0.7 

-1-0.2 

■ — ■ 





’ The values listed for residue and extracts alone are essentially the same as those 
obtained before incubation. 


they are allowed to stand at room temperature for 3 hours or in the ice box 
for about 10 hours. After heating, the activity is irrevereibly lost but the 
two latter preparations can be reactivated by addition of tissue extracts. 
As such, we used the supernatant fluid which is obtained by centrifuging 
suspensions of comeal epithelium and of various other tissues in Ringer’s 
solution after heating for 20 minutes to 70°. Similar extracts, from fresh, 
unheated comeal epithelium, themselves frequently showed considerable 
reducing capacity. 

On comparison of the reactivating capacity of extracts from various 
tissues, high acth-ities were observed when extracts from liver and kidnej’’ 
and from corneal epithelium itself were added to the reversibly inactivated 
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rraidue of comeal epithelium. Extracts from retina, ciliaiy body, and 
iris and from red blood cells and serum and also solutions of glucose and of 
glucose + cozymase were devoid of a significant reactivating effect (Table 
IV). Extracts from comeal epithelium also reactivate residue prepared 
from kidney or retina. However, only a slight reactivation of the residue 
from ciliary body could be detected. Concerning the specificity of the 
reducing system of the comeal epithelium, it should be mentioned that 
cysteine is reduced at a comparable rate. 

niscussioN 

With a glutathione concentration of 400 mg. per cent in the lens cortex 
and of 5 mg. per cent in the comeal stroma, the values for the GSH content 
of the tissues of the eye are scattered over the entire range of the known 
glutathione levels. In two instances in which further comparison was 
possible, the distribution between the simple components of a single tissue 
was found to be of remarkable inequality. The concentration in the lens 
cortex, for example, is about 5 times higher than in the lens nucleus and 
that in the comeal epithelium, 20 times higher than in the stroma of the 
cornea. Since the number of cells in the stroma is not less than one-half 
of that in the epithelium, the ratio for the glutathione content as calcu- 
lated per cell would still be as high as 10:1. Although the case of the cornea 
might be an extreme, such results definitely show that the glutathione 
determinations carried out mth extracts from complex tissues are inade- 
quate or even misleading if used as the basis for a functional correlation. 
Just in the case of the corneal epithelium, however, a functional interpreta- 
tion should be taken into consideration, not only because the epithelium 
provides a relatively homogeneous cell material, but also because the high 
GSH level does not appear before the intrauterine development of the calf 
is completed. Unfortunately, very little is known about the functions of 
the comeal epithelium. At the present time one can hardly conjecture 
whether the particular activity of the cell which ensues simultaneously 
wth the rise of the glutathione level is of a more specific nature, i.e. secre- 
tory processes, or merely the equivalent of the physiological wear and tear 
which set in on exposure of the comeal surface. 

On reduction of the extracts of the various tissues studied, we were unable 
to detect an increase in the amount of glutatliione beyond the limits of the 
methodical error. We had to conclude that in these extracts no gluta- 
thione is present in the oxidized state, confirming the results of Woodward 
and of Ennor (14). Other authors claim increases of 10 to 20 per cent of 
the total glutathione after reduction, but many of these results ha,ye been 
criticized by Woodward (6) for technical reasons. However, Fujita and 
Numata’s figures for the total glutathione content are in some instances 
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as much as 100 per cent higher than the values for reduced glutathione 
alone (rabbit muscle and blood). It should be emphasized that the use of 
HiS which was Woodward’s main objection to the Fujita and Numata 
reduction method does not interfere with the colorimetric determination 
(see previous section). We failed to find any explanation for the disagree- 
ment of Fujita and Numata ’s figures, although we attempted to eliminate 
discrepancies due to technique by performing the tests under a great 
variety of experimental conditions. The only procedure which gave rise 
to an increased content of reduced glutathione in some of the tissues was 
the reduction with H:S of suspensions of the tissue itself. This finding 
could be explained by assuming that in some tissues a small fraction of the 
glutathione is bound to inextractable cell constituents by a linkage which is 
removed on reduction, most likely a disulfide link between GSH and SH 
groups of some proteins. The fact that this bound form of oxidized gluta- 
thione occurs in a few tissues only suggests rather specific conditions for its 
1 formation. 

The presence of glutathione in the tissues of the eye almost entirely in 
its reduced state would seem to be plausible in view of the high rate at 
which oxidized glutathione is reduced in preparations of the tissues of the 
eye, which was also observed with liver and kidney by Hopkins and Elliott 
(19). 


Several attempts have been made by other authors to identify the com- 
ponents of the system which reduces oxidized glutathione. Mann (20) 
concluded that GSSG is reduced by glucose dehydrogenase in ground liver. 
Meldrum (21) found that intact erythrocytes reduce glutathione not only 
with glucose, but also with mannose and fructose. Meldrum and Tarr 


(22) showed that glutathione can act as hydrogen acceptor for the oxidation 
of hexose monophosphate through the Warburg-Cliristian system. Mor- 
pilis (23) attributes the maintenance in the reduced state of the glutathione 
in the blood to the fluoride-sensitive part of glycolysis. 

We attempted a further analysis only in the case of the corneal 
epithelium, which contains the most active reducing system among the 
tissues of the eye. It was found to consist of a heat-labile and a heat-stable 
fraction, the first containing the enzyme, the second the substrate and 
possibly other heat-stable components. The heat-stable fraction of the 
corneal epithelium can be substituted for by analogous extracts from some 
other tissues. A very potent heat-stable extract is obtained from liver. 
According to Mann (20), this extract should contain the heat-stable frac- 
tion for the reduction of glutathione by glucose dehydrogenase of the liver. 
The^ fact that reduction takes place vdth the enzyme of the corneal epi- 
melium would suggest that the same enzyme is also present in the cornea. 
However, on addition of glucose alone and vdth diphosphopyridine nucleo- 
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tide to the comeal residue no reduction occurs. This does not necessarily 
exclude the presence of glucose dehydrogenase, since this system appar- 
ently requires another coenz 3 me. However, a reduction by a glycolytic 
mechanism, as suggested by Morgulis (23), appears improbable from this 
experiment. Meldrum (21) also excluded glycolysis as a reducing mecha- 
nism since he failed to observe an inhibition of the reduction by fluoride or a 
reactivation by various glycolytic intermediates. 

SUMMARY 

1. The concentrations of reduced glutathione found in the tissues of the 
eye, expressed as mg. per 100 gm. of tissue, fresh weight, are as follows: 
lens cortex 388 to 570, lens nucleus 64 to 100, corneal epithelium 78 to 178, 
comeal stroma 3 to 7.1, corneal epithelium from fetal calf <5, retina 50 to 
108, ciliary body 21 to 39, iris 14 to 33, aqueous 0. 

2. No oxidized glutathione was detected in tissue extracts. However, 
the amounts of reduced glutathione found in the lens nucleus, the ciliary 
body, and the iris increased by 50 to 100 per cent after reduction of the 
tissue suspension itself vdth HjS. 

3. The reduction of o.xidized glutathione by the tissues of the bovine 
eye has been investigated. A high reducing capacity was found in the 
comeal epithelium and in the lens cortex, whereas retina, ciliary body, and 
iris were less active. 

4. The reducing system of the comeal epithelium was found to consist 
of a heat-stable and a heat-labile component. The effects of these com- 
ponents can be induced with preparations from other tissues. Glucose and 
coz 3 Tnase were not found capable of replacing the heat-stable factor. 
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ably high oxidation rate with hydroquinone alone. The oxygen uptake of 
preparations from both central and peripheral portions of the lens in the 
presence of cytochrome c and hydroquinone was inhibited by 0.005 m 
cyanide. The quantitative extent of this inhibition proved to be highly 
irregular and would require further investigation for its elucidation. 

Table I 

Oxygen Uptake at S8° of Preparations of Beef Lens Cortex 
Per flask, 1 ml. of enzyme solution; hydroquinone, 0.5 ml. of a 2 per cent solution; 
cytochrome c, 0.5 ml. of a 1 per cent solution. 


Oxygen uptake, c.ram. 


! 

Preparation A , 

j Preparation B 

[ Preparation C 

30 tnin. 

60 mm. 




60 min. 

Enzyme 

3 

2 

' 

9 

1 

3 

“ -f- hydroquinone 

2 

4 

8 

11 

2 

3 

“ -1- cytochrome c 

3 

3 

8 

10 

2 

3 

“ -k hydroquinone -k cytochrome e. 

55 

96 

50 

90 

39 

S3 


From our e.xperiments, especially those vith preparations from the lens 
cortex, the presence of cytochrome oxidase activity seems to be strongly 
indicated. Since the paper of von Euler ei al. is devoid of data on experi- 
mental technique regarding the estimation of cytochrome oxidase activ- 
ity, the disagreement cannot now be explained. 

summary 

The oxidation of hydroquinone by preparations of the bovine lens is 
greatly accelerated upon addition of cytochrome c. This suggests the 
presence of cytochrome oxidase in this tissue. 
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THE PURIFICATION OF ANGIOTONIN 

By albert a. PLENTL and IRVINE H. PAGE 

{From the Lilly Laboratory for Clinical Research, Indianapolis City Hospital, 
j Indianapolis) 

‘ (Rereived for publication, November 6, 1944) 

The importance of angiotonin, a pressor substance resulting from the 
interaction of the aj-globulin fraction of serum (1, 2) and renin, in its 
relationship to arterial hypertension warrants further efforts to elucidate its 
chemical constitution. Systematic investigations on the formation and 
inactivation of angiotonin carried out in this laboratory by enzymatic 
methods during the last 3 years (3-5) revealed some interesting information 
regarding certain groupings in the angiotonin molecule, but such methods 
j should be supplemented by more direct chemical approaches. Until the 
' compound can be prepared pure and until its empirical formula is known, 
chemical analytical methods to determine its concentration in blood and 
other body fluids will necessarily be unreliable. Further, attempts to 
reconstruct the molecule from degradation products -will be unsuccessful, 
since these degradation products or certain reactions, so far attributed to 
angiotonin, might be due to the presence of impurities. Although purity 
has not been achieved, in the following there are described a number of 
procedures by means of which we have succeeded in concentrating angi- 
otonin beyond the stages so far reported. 

EXPERIMENTAL 

A few general remarks on the characteristics and technique in working 
With angiotonin preparations will first be given. The pressor principle 
seems to be a polypeptide (3) and is very susceptible to bacterial action. 

, Aqueous solutions of angiotonin, if not sterilized by heat or filtration 
through a Seitz filter, are not infrequently inactivated within a few hours 
at room temperature. When kept in the frozen state, even if contaminated, 
the material will maintain its activity for several weeks. 

Although angiotonin appears to be heat-stable (1), i.e. it is not inacti- 
1 vated by boiling its aqueous solutions, it is nevertheless desirable to concen- 
trate such solutions at temperatures not exceeding 20°, The use of the 
conventional capillary tube to prevent bumping during concentration under 
reduced pressure is contraindicated, since it causes serious losses in activity, 
even if the operation is carried out under anaerobic conditions. We are 
Dot prepared to explain this phenomenon. Long applicator sticks and 
capiyl alcohol in liberal amounts are a suitable substitute. 

revious reports from this laboratory (1) and elsewhere (6) state that 

49 


50 


PURinCATIOX OF ANGIOTO.NTN 


angiotonin is unstable in alkaline media and fairly stable in acid solution? 
It is therefore recommended that the iirorking range be kept ■svithin 7 pH 
units; namely, pH 1.5 to 8.5. Degrees of alkalinity higher than pH 8.5 
result in serious loss. 

The follon-ing describes a representative axperiment on the preparation 
and purification of angiotonin. The preparation of renin-substrate is 
briefly described. Renin -n-as prepared by a method preidoustj' given (7). 

Renin-Suhstraie — ^70 liters of fresh hog blood were collected in eight 
buckets and allowed to clot. The clots were suspended in cheese-cloth 
bags and allowed to drain in a cold room overnight. The bags were dis- 
carded and the serum and red cells pooled in one or tn-o buckets. After 
standing for 24 hours, the serum was decanted from the red cells and once 
more allowed to stand in the cold room overnight. After decanting the 
serum from the small amount of red cells, it was brought to pH 6.0 by 
addition of 20 cc. of n sulfuric acid per liter of senun. The volume of 
serum usually amounted to 20 to 25 liters. With efficient but not too 
rapid mechanical stirring, an equal volume of 3 m (NH4);S04 was then added 
, through a large separatorj' funnel in such a way that the tip of the funnel 
e.\tended below the surface of the liquid and the rate of addition did not 
exceed 2 liters per hour. The ammonium suKate should not be added 
faster than this, because subsequent filtration becomes great!}’ prolonged. 

Now, 200 gm. of H3’flo Super-Cel were added and the mixture filtered 
on ten large (18 cm.) Buchner funnels with coarse filter paper. The precip- 
itate consisting mostl}’ of Hyflo Super-Cel and y-globulin was discarded, 
and the filtrate brought to 2.0 m by the addition of the calculated amount 
of solid ammonium sulfate. (The volume of 1.5 si filtrate in liters multi- 
plied by 66 gives the amount of (NHiliSOi in gm. to be added to bring 
the solution to 2 si.) The salt was finely powdered to facilitate its slow 
addition. The mixture was filtered on large Buchner fuxmels with No. 54 
Whatman filter paper with a thin layer of Hyflo Super-Cel. The precip- 
itate was pressed dr}-, removed from the fmmels, and dissolved in 2000 cc. 
of water. "VlTien all of the protein had dissolved, the mixture was filtered 
through coarse paper. The filtrate was a clear solution with blue fluores- 
cence. It was placed in cellophane bags and dialyzed against running tap 
water imtil free from ammonium ion. After dialysis for 12 to 24 hours 
tests with Nessler’s reagent were usually negative. 

The protein content of the dialyzed solution was determined by the 
biuret method of IQngsley (8) or the micro-Kjeldahl method and the 
solution was dUuted to contain 2 per cent total protein. This was the 
renin-substrate solution generaUy employed for the preparation of an- 

of Renin-Substrate with Renin— A renin solution in normal 
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rfaline was prepared according to the procedure previously described (4, 5). 
It was found best to keep the renin in the dry (l 5 'ophiIized) state until 
needed. A 1 per cent solution in saline was then prepared. If the renin 
preparation was of unknown potency, it was assayed for its renin and 
angiotonase content. Generally, it was found to be 1000 to 1200 renin 
units per mg. of N. 

The renin-substrate solution was brought to 30° in an enamel pot and 4.0 
cc. of the renin solution added with stirring to each liter of substrate. The 
reaction was allowed to proceed for 10 to 15 minutes, when the pH of the 
solution was adjusted to 5.5 (glass electrode) with the necessary amount of 
2 N HsSOt. It was then poured into a number of smaller pots containing 
not more than 1000 cc. each and placed in a preheated autoclave. As 
quickly as possible, the sterilizer was closed and the temperature raised 
rapidly. The denaturation of the proteins was found to be complete after 
15 to 20 minutes at 20 pounds steam pressure. The pots were taken out, 
aUowed to cool, and the mixture filtered through coarse paper with suction. 
The clear colorless filtrate contained about 1 pressor unit per cc.’ Roughly 
10 liters of this solution were obtained from 20 liters of serum. 

Angiotonin I — ^When not immediately further purified, this dilute an- 
giotonin solution was again sterilized in 3 liter Erlenmeyer flasks in the 
autoclave (IS minutes, 20 pounds) and stored in the cold. Two or three 
batches were combined and concentrated under reduced pressure at 15° to 
one-tenth their original volume. When this solution was heated in a 
sterilizer, an additional amount of denatured proteins formed, which was 
removed by filtration through coarse paper ivith Filter-Cel. The filtrate 
was assayed (4) and diluted to contain 10 pressor units per cc. On subse- 
quent heat sterilization, such solutions remained clear, though they were 
generally not colorless. 

Angiotonin II (Silver Precipitation ) — A nuzaber of preliminary experi- 
nients on the precipitation of angiotonin were carried out on angiotonin I. 
The important analytical data on several successive silver precipitations 
are reproduced in Table I from which it can be seen that the precipitation 
repeated more than tivice resultd in a large loss of activity. The following 
procedure for the purification of angiotonin was found to give consistently 
good results. 

1000 cc. of the angiotonin solution containing approximately 10,000 
pressor units were adjusted to pH 7.0 and 100 cc. of saturated basic lead 
acetate were added. A bulky, white precipitate formed, which was cen- 
trifuged and washed with 500 cc. of water. The precipitate was set aside 

‘ 1 pressor unit is defined as the quantity necessary to raise the arterial pressure 
O' a pithed cat 30 to 50 mm. of Hg; all pressor units reported in this paper are relative 
'0 a reference standard. 
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and the supernatant and ^vashings combined. This clear solution (Filtrate 
A) was brought to pH 1,5 with 8 n sulfunc acid and a slight excess of silver 
nitrate (50 per cent aqueous solution) added. The mixture was allowed 
to stand at room temperature for 1 hour, the clear supernatant decanted, 
and the residue centrifuged. The supernatants were combined and filtered 
through coarse paper ivith Filter-Cel. The clear filtrate was then brought 
to pH 7.8 to 8.0 u-itli saturated barium hydro.xide, and the precipitated 
silver salt centrifuged and washed three times with water. The washed 
precipitate was suspended in about 300 cc. of water, the pH was then 
brought to 4.0 with 5 n sulfuric acid, a few drops of capryl alcohol added, 
and the mi.xture cooled in ice. Hydrogen sulfide was blown through the 
suspension for 15 minutes, a smalt amount of Filter-Cel added, and the pre- 
cipitate consisting of silver sulfide and barium sulfate removed by filtra- 
tion through coarse filter paper inth suction. The filtrate was concen- 


Table I 

Preliminary Experiments on Precipitation of Angiotonin with Silver 
A crude angiotonin sample was precipitated three times with silver nitrate by the 
procedure outlined in the text. After each precipitation small samples were with- 
drawn for analytical purposes and the appropriate corrections incorporated in the 
values for total nitrogen and total pressor units. 



TolaJ lutroffca 

ToUl pressor 
units 

Pressor units 
per ms. N 


mf. 

432 

4220 

9.8 


118 

3000 

25.4 

2nd “ “ 

72 

1950 

27.1 

3rd “ “ ; 

22 

6S5 

31.0 




trated under reduced pressure to about 50 cc., and the excess sulfuric acid 
removed with barium hydroxide by adjusting the pH to 4.0, Congo red 
paper being used as indicator. The precipitate was removed by filtration 
through a Seitz pad (Filtrate B). The clear colorless filtrate was frozen 
and dried in the frozen state. The residual light hygroscopic powder 
(angiotonin II) could be kept for months at room temperature in a dry 


atmosphere (desiccator or sealed bottle). 

Recovery from Lead Precipitate — The bulky, white, lead precipitate was 
suspended in 200 cc. of water, 15 gm. of solid ammonium sulfate added, and 
the mixture stirred until a homogeneous suspension was obtained. After 
standing in the ice box for several hours, the precipitated lead salts were 
removed hy centrifugation and the clear supernatant treated as descri e 

above for Filtrate A. _ ^ , ■ - , , tt These 

The analytical data for angiotonin II are recorded m lable li. 
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values are average figures determined on twenty batches. A solution 
of angiotonin II gives a positive, though not very strong, Sakaguchi reac- 
tion and an intense coloration -with diazotized sulfanilic acid. Color 
reactions for all other known amino acids were negative. 

Angiotonin III — Precipitation with mercuric chloride by the procedure 
usually employed for the precipitation of histidine (9) did not effect any 
concentration of the pressor principle. 70 to 90 per cent of the angiotonin 
was, however, recovered. Analytical data on samples so treated are given 
ig Table II (angiotonin III). 

Angiotonin IV — 100 mg. of angiotonin III (mercury precipitate) were 
dissolved in 2.0 cc. of water and absolute methyl alcohol added drop by 
drop until the solution became cloudy. A few drops of water were then 
added to form a clear solution which was freed from a small amount of 
insoluble material by filtration. 100 mg. of recrystallized nitranilic acid 
were then added in small amounts, resulting in the immediate precipitation 


Table II 

Analytical Data Obtained during Various Stages of Purification Procedure 



AngicK 
ton in 

I 

Angio- 

ton'm 

n 

1 Anglo* 

1 tonin 1 

m 

Anglo- 
lonin 1 
IV 1 

Anglo* 
tonia 1 

Anglo- 

tonln 

VI 

Total N, mg. per cc 

0.778 

0.758 


1 

0.404' 

1 

1 

0.125 

Amino “ “ “ “ 

0.173 

0.127 


0.068 


0.048 

" acid carboxyl, mg. per cc 

0.057 

0.084 

BmIw! 

0.068 

0.055 

0.049 

Pressor units per cc... 

10.0 

33.3 

23. S 

21.0 

' 15.0 

10.0 

" “ “ mg. NH,-N 

58.0 

262.0 


1306.0 

880.0 

210.0 

NHj-N:COOH-N.. . 

3.04 

1.35 



3.1 

0.98 


of an apparently crystalline material. The solution w'as allorved to stand 
m the ice box overnight, •when it was centrifuged and washed ■wdth absolute 
methanol until the supernatant remained practically colorless. After 
being washed ■with absolute ether, the yellow precipitate was dried in the 
open air. It was suspended in 250 cc. of water and dissolved by rvarming 
ivith occasional shaking. Sufficient acid-washed pure lamb’s wool was 
added to extend beyond the level of the liquid and the mixture shaken 
On the shaking machine for 3 to 6 hours (10). The clear solution ■was de- 
canted and concentrated under reduced pressure to approximately one- 
tenth its original volume. During concentration the solution became 
a ghtly yellow owing to traces of. nitranilic acid which apparently could 
bot be removed ■with ■wool even if a large excess was used. Attempts to 
r^ove the residual coloration by adsorption on aluminum oxide failed, 
ince the amount of nitranilic acid present was negligible, the solution was 
rozen and dried in the frozen state. 79 per cent of the pressor acti^vity 
b-as recovered (Table II). 
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Angiotonin V A suitable quantity of angiotonin IV was dissolved in a 
suflBcient amount of water to give a solution containing 20 to 30 pressor 
units per cc. Silver and mercury precipitations were carried out as de- 
scribed above. The final product still contained traces of nitranilic acid 
but its pressor activity per mg. of NHi-N had more than doubled (Table II). 

Angiotonin' VI — 25 cc. of a solution of angiotonin II containing 595 
pressor units were diluted to 110 cc. with absolute methyl alcohol. It was 
then allowed to flow tlirough a column of aluminum o-xide (according to 
Brockmann) 20 X 110 mm., which had previously been washed TOth 80 
per cent methyl alcohol. The column was washed m’th three 150 cc. 
portions of warm water and the filtrate collected separately. The filtrates 
were concentrated to approximately one-third their original volume and 
the activity was found to be associated with the first and second fractions 
only. 50 per cent of the activity could be recovered (Table II). 

Table III 

Course of Acetylation of Angiotonin with Ketene 
The experiment was carried out according to the procedure outlined in the text. 
The column headed “Heaction time” designates the length of time during which 
ketene was passed through the reaction mixture. A control retained 10 pressor 
units per mg .of N. 


Reaction time 

Total N 

Amino N 

Physiological activity 

krs. 

mg. fer ec. 

Per cent oj total N 

units per mg. N 

0 

0.755 

19.7 

10 

1 

0.600 

15.0 

None 

5 

0.510 

14.1 

C( 


Acetylation of Angiotonin with Ketene — A solution of angiotonin II con- 
taining 10 pressor units per cc. was cooled in ice. The pH was adjusted to 
4.5 and maintained at this pH throughout the experiment by means of 
sodium acetate-acetic acid buffer. Ketene prepared according to the 
procedure of Williams and Hurd (11) was passed through the solution at a 
slow but constant rate. Samples for the determination of total nitrogen, 
amino nitrogen, and physiological activity were withdrawn at frequent 
intervals (Table HI). The acetylated product as well as that derived 
from mild saponification with 0.01 n NaOH was physiologically inactive. 
We attribute our inability to recover a physiologically active material to 
the action of the alkaline medium used for saponification. 

DISCUSSION 

The procedure outlined in the experimental portion led to the concentra- 
tion of the pressor principle with the elimination of a number of undesirable 
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contaminants. Because of its great solubility in water and polar solvents, 
the pressor principle was difficult to obtain free of inorganic salts. This 
could only be accomplished by precipitation with specific reagents, leaving 
the impurities in the filtrate. 

Ewdence presented elsewhere (3) points to the polypeptide nature of 
angiotonin; hence one may expect the criteria of punty to be limited to 
elementary analysis, phase rule relations, and possibly elemental^' analyse 
of crj'stalline derivatives. The problem therefore arises which element 
functional group, or specific chemical reaction when related to physiological 
actmty could serve as a guide for purification. 

Of the possible elements present in angiotonin only carbon, hydrogen, 
and nitrogen could be identified. Cruz-Coke and Restat (12) have repo^ 
tlie presence of sulfhydryl groups in angiotonin samples, finding ''' ® 
could not be substantiated in this laboratory. It is possible t at eir 
observations may be attributed to the use of crude angiotonin samp ^ 
containing vajdng amounts of soluble denatured proteins or large amoun 
of free amino acids. Qualitative reactions for sulfhydryl on silver-precip 
itated angiotonin (angiotonin II) were entirely negative. 

Since angiotonin contains nitrogen, the pressor activity per o ni ro 
gen may serve as an index for purification. This nitrogen is to e a n 
uted to peptide nitrogen, a-aminocarboxyl nitrogen, and primary ammo 
nitrogen, since all attempts to demonstrate other nitrogenous ma na 
such as pyrimidines, purines, pyrrole derivatives, quaternary ammonium 
salts, etc., have failed. Its' veiy mode of formation (it is the product of 
catheptic action on blood globulins) suggests that a number simUar 

substances, probably polypeptides, are formed simultaneously. ^ e ree 

types of nitrogen-containing groups, peptide nitrogen, a-ammocar 
nitrogen, and primary amino nitrogen, are therefore a measure o a 
polypeptides and amino acids in this mixture. _ 

The association and correlation of angiotonin pressor activity vn ^ pep 
tide linkages have been demonstrated by the inactivation of angio nm 
by proteolytic enzjmies (3) . The rate of increase in amino nitrogen durmg 
enzymatic digestion (Fig. 1) is widely different from the rate of inactivation; 
hence it may be concluded that the sensitive peptide bonds m the active 
principle do not seem to be detectable by common analytical proce ures. 
The amino nitrogen on complete acid hydrolysis amounts to 3 or imes 

that of the unhydrolyzed material. . . , 

These observations may be explained in two ways. Angiotonin ® 

assume^ to be a polypeptide of high molecular weight (2000 or higher;, m 
which case the enzymatic hydrolysis of one sensitive pepti e on 'wou 
be beyond the experimental error of the amino nitrogen etermma i 
yet sufficient to inactivate the material completely. Against t is concep 
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it should be pointed out that angiotonin readily diffuses through cellophane 
membranes, which is indicative of a lower molecular weight. In this 
connection it should be noted that the action of cr 3 ^stalline pepsin on 
proteins results in the formation of peptide fragments with a molecular 
weight of approximately 1000 as demonstrated by Tiselius and Eriksson- 
Quensel (13). Although pepsitensin and angiotonin are not identical 
(4, 14), the striking similarity in their chemical and pharmacological 
behavior would warrant the assumption that thej’' are peptides of similar 
molecular weight. 

On the other hand, angiotonin samples may be regarded as a mixture of, 
for example, tetra-, penta-, and hexapeptides with angiotonin constituting 
onl.y a small portion of the mixture. This is in agreement with the fairly 



Fia. 1. Increase in amino nitrogen (solid line) during peptic digestion compared 
to decrease in physiological activity ns per cent of total (dotted line). The enzyme 
concentration tvas 0.20G mg. of (crystalline) pepsin N per cc. of test solution. 


consistent values of amino nitrogen (1.7 to 2.0 per cent) for the purest 
angiotonin preparations. On the assumption of one free amino group per 
molecule the average molecular weight for this mixture can be estimated 
as between 500 and 1000. 

The evidence for the existence of a free amino group in the angiotonin 
molecule rests on the observations of Croxatto and Croxatto (15) who 
demonstrated that it is rapidly inactivated by purified yeast aminopepti- 
dose. They drew the conclusion that, since their aminopeptidase was free 
of endopeptidase activity and since this enz 3 Tne requires a free primary 
amino group in its substrates, angiotonin must contain a free terminal 
amino group. In support of this finding we have demonstrated that 
chymotrypsin can inactivate angiotonin (3) and that the most probable 



A. A., PLENTIi AND I. H. PAGE 


57 


explanation for this observation is to be sought in the exopeptidase activity 
of this enzyme. Although these experiments seem quite convincing to us, 
evidence based on enzyme studies should be confirmed by more direct 
chemical methods. 

Benzoylation of angiotonin by the Schotten-Baumann reaction and its 
associated inactivation as reported by Braun-Menendez and coworkers 
(6) cannot be accepted as evidence for a free amino group, since it is well 
known that this reaction necessitates a strongly alkaline medium, so in- 
suring almost instantaneous inactivation. The experiments of Braun- 
Menendez cl al. would only be of value if the authors had been able to 
regenerate the pressor substance from the benzoylated material, which for 
the reasons given could not be accomplished. 

The inactivation of angiotonin by ketene under exceedingly mild condi- 
tions demonstrates the presence of atomic groupings such as phenolic hy- 
droxyl and free primary amino groups. Since we were unable to demon- 
strate the presence of tyrosine or dihydroxyphenylalanine in completely 
hydrolyzed angiotonin samples, the inactivation of angiotonin samples by 
ketene represents conclusive proof for the presence of a free amino group 
in the pressor principle. 

Consideration of methods of purification of angiotonin suggests that it is 
associated with what is known as the “histidine fraction.” Since the major 
portion of amino acids precipitating in this fraction is histidine and perhaps 
a small amount of arginine, dicarboxylic acids, and phenylalanine, the 
amino acid carboxyl must be attributed to angiotonin or the amino acid 
impurities. That angiotonin or an associated polypeptide may give rise 
to carbon dioxide by the ninhydrin method appears to be remote (16), but 
is nevertheless possible if angiotonin or the polypeptide impurity contains 
an arrangement represented by Formula I or II. If such a structure as 


COOH 


r 


NH 

I 

CHa 

-NH-CH-C 


R. 


/ 

— CO-CH-NH-C^ 


COOH 


n 


well as the amino nitrogen is associated rvith pressor activity, the ratio of 
amino nitrogen to amino acid carboxyl must approach a whole number or a 
fraction thereof as the activity per mg. of amino nitrogen increases during 
tho purification procedure. If the amino nitrogen, but not the amino acid 
<^arboxyl, is associated with physiological activity, this ratio will increase 
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rapidly as the activity per mg. of amino nitrogen increases. A number of 
analytical data were taken at random and the above defined ratio plotted 
against the activit}'' per mg. of amino nitrogen. The data are reproduced 
in Fig. 2, from which it can be seen that the ratio NH 2 -N:COOH-N in- 
creases to a high value. The original ratio of 3.0 falls to about 1.0 with a 
slight increase in phj-siological acthdty and then increases slowly. The 
sudden initial drop in the numerical value of this ratio is due to the silver 
and mercury precipitation which will tend to concentrate free histidine in 
this fraction. Further purification beyond this stage results in the partial 
elimination of histidine, particularlj’^ if the precipitation is carried out at a 



PRESSOR UMrrS PER fviO- 

Fig. 2. Pressor units per mg. of amino nitrogen for arbitrarj- stages in the purifica- 
tion procedure plotted against the ratio of amino nitrogen to amino acid carboxyl. 

slightly higher pH and with elimination of salts precipitating below pH 5.0, 
with a consequent rise in the ratio of amino nitrogen to amino acid car- 
boxyl. The data at hand do not permit a definite statement regarding the 
possibility of a further increase in the value of this ratio which may still 
approach a whole number as the actmty per mg. of amino nitrogen in- 
creases. The indications are, however, that the amino acid carboxyl is 
not associated with the angiotonin molecule. 

The authors are indebted to IMiss Doris Brown, Mr. Robert M. Seders, 
and Mr. Donald Grove for their valued assistance, and to Mr. and Mrs. 
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C. L. Bradley of Cleveland for defraying part of the expense of this in- 
vestigation. 


smiMAnT 

The preparation of renin-substrate by a simplified procedure is described. 
A detailed description for the preparation of crude angiotonin is given. 
The purification of angiotonin was effected by precipitation as silver salt 
in acid and neutral solution, followed by regeneration and removal of the 
silver with hydrogen sulfide. It was shown that angiotonin can also be 
precipitated with mercuric chloride in neutral solution, suggesting that it is 
associated mth the “histidine fraction.” 

Attempts to demonstrate basic amino acids other than histidine in 
hydrolyzed and unhydrolyzed angiotonin samples failed. Purified prepa- 
rations were found to be devoid of tyrosine, phenylalanine, and dihydroxy- 
phenylalanine (dopa). 

Further evidence was presented for the presence of at least one free 
amino group associated with pressor activity. Angiotonin was found to 
lose its pressor action when acetylated with ketene. The activity could 
not be restored by alkaline saponification of the acetylated material. 

Analytical data on the various fractions obtained during the course of 
purification were interpreted as suggesting that the partially purified 
angiotonin is a mixture of tetra-, penta-, and he.xapeptides and that the 
active principle constitutes only a small part of them. 
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STUDIES ON THE SEX HORMONES 

I. THE QUANTITATIVE ESTIMATION OF ESTRONE IN PURE SOLUTION 

Br FLETCHER P. TOITCH, Je., and HENRY S. MILONE 

(From the Department of Biological Chemistry, Georgetown University School of 
Medicine, Washington) 

(Received for publication, November 27, 1944) 

During our n-ork on the sex honnones we hat^e had occasion to prepare 
the 2,4,-dinitrophenylhydrazone of estrone. The high tinctorial power 
of this compound suggested that it might be used for the quantitative 
estimation of estrone. Alcoholic solutions of this 2,4,-dinitrophen3'l- 
hydrazone exhibit maximum absorption in the ultratdolet region of the 
spectrum. In 0.1 n alcoholic potassium hydroxide, this hydrazone exhibits 
maximum absorption at 440 mp, a value which lies well nithin the range of 
most photoelectrometers and regional spectrophotometers. 

EXPEKIMENTAL 

Preparalion of 2 ,4 ,-DinitrophmylhyiTazone of Eslrone — 30 mg. of pure 
crystalline estrone* (weighed on a micro balance) were dissolved in 50 ml. 
of aldehyde-free ethyl alcohol. To this solution were added 10 ml. of a 
saturated alcoholic solution of 2,4,-dinitrophenylhydrazine, prepared by 
reflu-xing 1 gm. of the hydrazine with 100 ml. of aldehyde-free ethyl alcohol. 
The mixture was refluxed for 2 hours, at the end of which time 1 ml. of 
concentrated hydrochloric acid was added and the refluxing continued for 
an additional 2 minutes. Distilled water %vas added to the point of incipi- 
ent crystallization and the solution allowed to cool to room temperature, 
after which it was chilled to 0° in an ice bath. The precipitated hydrazone 
Was filtered off in a previously weighed and tared micro filter beaker and 
the precipitate washed with 50 ml. of distilled water containing 1 ml. of 
concentrated hydrochloric acid. The filter and contents were then care- 
fully dried in a vacuum desiccator over concentrated sulfuric acid and 
finally weighed. Yield 49.92 mg., or 99.8 per cent of theory'. 

M.p. 278-280° (uncorrected) with decomposition.® Nitrogen, by' micro- 
Tlumas method, found 12.4, theory' 12.43. 

spectroscopic Analysis — 4.634 mg. of the above hydrazone, equivalent 
to 2./S mg. of estrone, W'ere dissolved in alcohol and this solution made up 

’ We are indebted to Dr. Oliver Kamm of Parke, Davis and Company, who sup- 
P led the crystalline estrone used in this investigation. 

L. F. King and W. R. Franks report 278-280” (uncorrected) with decomposition 
W . Am. Chem. Soc., 63, 2042 (1941)) . 
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SEX HORMONES. I 


to a volume of 100 ml. 1 ml. of this solution, equivalent to 27.8 y of 
estrone, was diluted to 10 ml. in 0.1 n alcoholic potassium hydroxide and 
submitted to spectroscopic analysis in a Coleman regional spectropho- 
tometer, model 10-S. Measurements were made in a round cell approxi- 
mately 19 mm. in diameter, mth distilled water as a blank and a 30 m/i slit. 
The hydrazone exhibited maximum absorption at 440 m;i (Fig. 1). The 
color developed by this compound in alkali is stable for 15 minutes. Longer 
contact vdth alkali results in measurable decomposition. 

Preparation of Transmittance-Concentration Curve — A series of solutions 
containing increasing amounts of the 2,4-dinitrophenylhydrazone of 
estrone in 10 ml. of 0.1 n alcoholic potassium hydroxide was prepared and 



WAVE LENGTH- MILUMICRONS 

Fig. 1. Transmittance of 2,4-diiutrophenylhydrazone of estrone in 0.1 n alco- 
holic KOH. 

the transmittance at 440 mg determined. From these data a trans- 
mittance-concentration curve was prepared (see Fig. 2) by plotting trans- 
mittance at 440 mg against concentration of estrone. 

Repeated experimentation has shown that mth pure solutions of hy- 
drazone these results may be duplicated within the sensitivity of our par- 
ticular instrument, i.e., 0.2 per cent transmittance or 0.06 y of estrone. 

Chromatographic Separation of Unchanged Hydrazine from Hydrazone 
Since the quantity of estrone usually present in biological material is small 
(1.0 to 25 y), precipitation and filtration methods for the isolation of its 
2,4-dinitrophenylhydrazone are impractical. Chromatographic methods 
seemed to offer the most practical solution to this problem, and were found 
to penmt quantitative separation of hydrazone from hydrazine. 




F. P. VEITCH, JB., AND H. 8. MILONB 


63 


The chromatographic columns used in this laboratory are constructed 
according to the drawing ia Fig. 3. We have found that forcing the solu- 



MIcnOGRAMS ESTRONE 

Flo. 2. Transmittance-concentration relationship of the 2,4-dinitrophenylhydra- 
2 one of estrone in 0.1 n alcoholic KOR. 



Fig. 3. Water-jacketed chromatographic column 

tion to be examined through the adsorbent with air pressure of approxi- 
mately 500 mm. of mercuiy is more desirable than the use of suction or 
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gravity percolation. The adsorbent is most conveniently introduced into 
the column in the form of a slurry in anhydrous petroleum ether. Applica- 
tion of air pressure then results in a column of uniform density free from 
air bubbles and channeling. It is important to maintain 2 to 3 mm. of 
liquid above the adsorbent in the column at all times, since allowing the 
column to become drj' results in channeling of the adsorbent, thereby re- 
ducing its efficiency. 

The adsorbents used in this work were florisiP 100 to 200 mesh, and 
Merck’s aluminum oxide^ prepared according to Brockmann. 

With small amounts of estrone, i.c. 1 to 25 y, 1 ml. of an alcoholic solu- 
tion of 2,4-dinitrophenylhydrazine containing 1 mg. of hydrazine in 1 ml. 
was added to the estrone in 5 ml. of aldehyde-free ethyl alcohol and the 
mixture refluxed for 15 minutes. At tlie end of this period 0.15 ml. of 
concentrated hydrochloric acid was added and the alcohol removed under 
reduced pressure, care being taken to prevent loss and insure the removal 


Table I 

Recovery of Estrone from Solution 


Estrone used 

Per cent transmittance 
at440m;i 

Estrone recovered 

Per cent recovery 

y 


y 


7.21 

66.1 

7.15 

99.16 

14.42 

41.8 

14.42 

100.00 

21.63 

20.7 

21.63 

100.00 

25.96 

9.0 

25.85 

99.57 


>f all of the alcohol. The residue was dissolved in 10 ml. of benzene with 
he aid of heat. When the benzene solution had cooled to room tempera- 
ure, it was transferred to a chromatographic column containing florisil. 
This column, which had a diameter of 5 mm., had been previously fiUed 
with the adsorbent to a height of 200 mm. The reaction flask was washed 
out with several additional 2 ml. portions of benzene and the washing 
added to the solution on the column. TlTien all but about 1 mm. of this 
solution had been forced through the column, an additional 5 ml. of ben- 
zene was added and forced through. The column was then washed wim 
25 ml. of 4 per cent acetone in petroleum ether (b.p. 30-60°). This trw 
ment removed some unidentified material, but did not remove the hydra 
zone of estrone. The hydrazone of estrone was removed by washing t e 
column with 35 ml. of 10 per cent acetone in petroleum ether, ome 
unidentified impurities accompanied the hydrazone in this eluate. is 

’ Manufactured by the Floridin Company. 

< E. Merck, Darmstadt. 









F. P. VEITCH, JR., AND H. S. MILONE 


65 


eluate was collected separately, and after evaporation of the solvent the 
residue was dissolved in benzene and passed through a column of alum- 
inum oxide 5 X 100 mm. The column was washed successively wdth 25 
ml. of 1 per cent acetone in petroleum ether and 10 ml. of chloroform. 
The hydrazone of estrone was then eluted by washing the column mth 75 
ml. of 1 per cent ethyl alcohol in petroleum ether. After evaporation of 
the solvent from this eluate, the residue •was dissolved in 10 ml. of 0.1 n 
alcoholic potassium hydroxide and the transmittance of this solution at 
440 m;; determined. The 2,4-dinitrophenylhydrazone of estrone sepa- 
rated from hydrazine in this manner showed no depression of the melting 
point when melted mixed with an authentic sample of estrone hydrazone, 
and in addition showed the same type of absorption curve as the pure 
hydrazone of estrone. 

The estrone concentration of four solutions of pure estrone was deter- 
mined by preparing the 2 ,4-dinitrophenylhydrazone, separating the hydra- 
zone from unchanged hydrazine in the manner described above, and 
determining the transmittance of the purified hydrazone in 0.1 N alcoholic 
potassium hydroxide. The results of these experiments are summarized 
m Table I. All solvents used in tliis work were carefully purified and dried 
unless otherwise stated. The ethyl alcohol was fre^ of aldehydes by 
treatment with silver oxide and subsequent distillation from sodium hy- 
droxide pellets. No attempt w'as made to dry the alcohol, it being 
approximately 98 per cent after this treatment. 

SUMMARY 

1. The 2,4-dinitrophenylhydrazone of estrone has been prepared and 
characterized. 

2. The concentration-transmittance relationship of this hydrazone in 
0.1 N alcoholic potassium hydroxide at 440 m/i has been determined. 

3. A chromatographic method for the quantitative separation of small 
amounts of the 2,4-dinitrophenylhydrazone of estrone from unchanged 
hydrazine has been described. 

4. A sensitive method for the quantitative estimation of small amounts 
cf estrone in pure solution has been outlined. 




THE METABOLISM OF PHENOLIC COMPOUNDS BY NORMAL 
AND SCORBUTIC GUINEA PIG LIVER SLICES IN VITRO 

Bt william J. darby,* R. H. DeMEIO, MARY L. C. BERNHEIM, and 
FREDERICK BERNHEIM 

[From the Departments of Physiology and Pharmacology and of Biochemistry, Duke 
University School of Medicine, and the North Carolina Cooperative Nutrition. 

Study, Durham, North Carolina) 

(Received for publication, December 8, 1944) 

The appearance of p-hydroxyphenylpyruvic and lactic acids in the 
urine of scorbutic guinea pigs (1-3) and in the urine of premature infants 
who do not receive ascorbic acid (4) indicates that the body is unable to 
metabolize phenylalanine and tyrosine in the usual way in vitamin C defi- 
, ciency. It has been shown (5-8) that liver slices from normal guinea pigs 
are able to (a) produce a hydroxyphenyl compoimd from phenylalanine, 
(b) metabolize tyrosine as measured by the disappearance of estimatibie 
hydroxy groups, and (c) conjugate phenol. It was therefore of interest to 
determine whether these reactions occur to the same extent in liver slices 
from scorbutic guinea pigs. Lan and Sealock (9) have recently shown that 
liver tissue from deficient guinea pigs is unable to oxidize the side chain of 
tyrosine. The following experiments show that reactions involving the 
ring occur equally well in vitro in the normal and scorbutic liver. 

EXPERIMENTAL 

Female guinea pigs from 250 to 350 gm. in weight were placed in in- 
dividual cages and given the following scorbutogenic diet ad libitum: skim 
milk powder, previously heated at HO” for hours 300, rolled oats 390, 
wheat bran 200, cottonseed oil 80, cod liver oil 20, sodium chloride 10. 
This diet is a slight modification of that recommended by Sherman and 
Smith (10). The control guinea pigs w’ere given a daily supplement by 
mouth of 5.0 mg. of crystalline ascorbic acid. 

The animals on the unsupplemented basal diet developed signs of scurv'y 
■ftithin 10 to 15 days, and these signs were corroborated by the autopsy 
findings. None of the control animals developed any sign of a deficiency, 
■^ter each guinea pig developed scurvy it was placed in a metabolism cage 
and given orally 0.5 gm. of f-tyrosine. The urines w'ere collected for the 

Member of the Cooperative Nutrition Study, a joint project of the North Caro- 
ina State Board of Health, Duke University School of Medicine, and the Intema- 
'onal Health Division of the Rockefeller Foundation. Present address, Depart- 
Jents of Biochemistry and Medicine, School of Medicine, Vanderbilt University , 
Aashville. 
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next 24 hour period. In all cases the scorbutic guinea pigs were found to 
excrete an abnormal metabolite which gave a green color when the acidified 
urine was treated with a few drops of a 5 per cent solution of ferric chloride. 
None of the animals which received ascorbic acid excreted this metaboh’te, 
and the scorbutic guinea pigs excreted it only after the test dose of tyrosine. 

After the demonstration of the in vivo occurrence of this defect in tyro- 
sine metabolism in the deficient guinea pigs, they and their corresponding 

Table I 

Production of Hydroxyphenyl Compound from 6.0 Mg. of dl-Phenylalanine and 
Disappearance of Eslimatiblc Hydroxy Groups from 1.0 Mg. of l-Tyrosinc 
after Incubation with Normal and Scorbutic Guinea Pig Liver Slices 
for 4 Hours at S7° 

The scorbutic liver slices contained 5 per cent more dry weight than the normal. 


Experiment No. 

Hydroxyphenyl formed from phenylalanine 

Hydroxy groups disappeared from 
tyrosine 

Control 

Scorbutic 

Control 

Scorbutic 


mg. 

mg. 

mg. 

mg. 

I 

0.22 

0.22 



2 

0.29 

0.37 



3 

0.23 

0.63 

Huh 


4 

0.51 

0.49 


BIH 

5 

0.57 

0.48 



6 

0.38 

0.21 

0.49 

0.40 

7 

0.47 

0.57 

0.28 

0.21 

Mean 

0.38 

0.42 

0.46 

0.36 


Table II 

Amount of Phenol Conjugated by Normal and Scorbutic Guinea Pig Liver Slices after 
Incubalion unth 0.04 Mg. of Phenol at 57° for 90 Minutes 


Experiment No. 

Control 

Scorbutic 


r 

y 

1 j 

9.5 

10.5 

2 

8.0 

9.0 


controls were killed by a blow on the head. The liver was removed and 
slices weighing approximately 300 mg. were incubated in 50 cc. Erlenmeyer 
flasks with 4.0 cc. of Krebs’ bicarbonate solution for 4 hours at 37° in an 
atmosphere of 95 per cent oxygen and 5 per cent carbon dioxide. 6.0 mg. 
of dl-phenylalanine or 1.0 mg. of l-tyrosine was added to certain of the 
flasks. Others contained liver slices only. To the latter at the ^ ® 
experiment different amounts of tyrosine were added, followed imm la e y 
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by 1.0 cc. of 20 per cent trichloroacetic acid. These were used as standards 
for estimating the amount of hydroxyphenyl compounds in the experi- 
mental flasks. After centrifuging, the estimations were carried out accord- 
ing to the method of Theis and Benedict (11). The results are shonm in 
Table I. For the determination of the amount of phenol conjugated, the 
liver slices were incubated in ICrebs’ phosphate solution and air. 0.04 
mg. of phenol was added to each flask, and after 90 minutes incubation the 
protein was precipitated by trichloroacetic acid and the amount of phenol 
remaining, before and after boiling ndth HCl, was estimated by the same 
method. The results are shown in Table II. 

DISCUSSION 

These results together with those of Lan and Sealock indicate that the 
main defect in the metabolism of aromatic compounds by scorbutic guinea 
pigs is the inability of the deficient liver to oxidize the side chain of tyrosine 
rather than an inability to oxidize the ring or conjugate the phenolic group. 
It is not known what happens to the side chain since there is no evidence 
that deamination occurs in vitro, but apparently ascorbic acid can be 
considered a part of the enzyme which catalyzes the oxidation. In this 
connection it is interesting that another vitamin, pyridoxine, is involved 
in the decarboxylation of tyrosine by Streptococcus faecalis R (12). 

SUMMARY 

Liver slices from scorbutic guinea pigs produce a hydroxyphenyl com- 
pound from phenylalanine, metabolize tyrosine as indicated by the disap- 
pearance of estimatible hydroxy groups, and conjugate phenol to the same 
extent as liver slices from normal guinea pigs. 
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(Received for publication, December 11, 1944) 

Krebs (1) has shown that <f-proline and d-omithine are interrelated, for 
they both yielded a-keto-S-aminovaleric acid on oxidation with d-amino 
acid oxidase. On the basis of this finding and their observation of the 
mutual interconversion of ornithine and proline (2, 3), Stetten and Schoen- 
heimer proposed (2) that these amino acids are interconvertible tlirough 
the intermediate, a-keto-5-aminovaleric acid. 

It has also been demonstrated that on feeding ammo acids labeled 
with N** the ornithine as well as the amidine groups of arginine contained 
isotopic nitrogen (4). More recently it has been shown (2) that both the 
«- and 5-amino groups of ornithine contained a small amount of N'® after 
the ingestion of proline containing isotopic nitrogen, and the present 
authors (5) have demonstrated that, 4 days after the feeding of glycine con- 
taining isotopic nitrogen, the ornithine isolated from the carcass arginine 
contained the same concentration of N*®tn the a-amino and 5-amino groups. 
This equality of isotope concentration may have been either fortuitous 
or indicative of a reaction mechanism. If it W'ere of biological significance, 
the mechanism as proposed by Stetten and Schoenheimer for the intercon- 
veision of proline and ornithine would not be able to explain the result, for 
the equality of isotope concentration in the a- and 5-amino groups of orni- 
thine could occur only if both nitrogens were interchangeable by some 
mechanism or were both derived from the same source. From the mecha- 
nism postulated by' those authors, the a position of ornithine can be reversi- 
bly deaminated and aminated by isotopic nitrogen originating from diverse 
sources, but the 5-aniino group would originate only from proline. In the 
presence of isotopic ammonia, the reversible amination and deamination 
of the a group of ornithine would continuously change the isotope concen- 
tration of the a-amino group ivithout affecting the 5-amino group. 

In order to investigate this problem in greater detail, glycine containing 
isotopic nitrogen was incorporated into the diet of a number of rats 
days; the animals were killed in groups (during the ensuing week), 0, , 
snd 7 days after feeding, and the ar^nine isolated from the pooled muse e 
and skin. The isotope concentration of the arginine, the amidine group, 
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the ornithine moiety, and the a-amino group was determined at each 
period. The concentration of the 5-amino group of ornithine at each 
period could then be calculated from the values of the isotope concentra- 
tions of the ornithine and the a-amino group. It can be seen from Table I 
that, within the experimental error, in each case the a-amino and 5-amino 
groups of ornithine contained the same concentration of isotopic nitrogen. 

This finding demonstrates that the a-amino groups of arginine and of 
ornithine are not reversibly deaminated and aminated, for if the a-amino 
group underwent deamination and reamination the isotope concentration 
of the a-amino group would be different from that of the 5-amino group. 
From the above finding another mechanism is proposed to explain the 
identity of isotopic nitrogen in the a- and 5-alnino groups of ornithine and 
the conversion of ornithine to proline. 


Table I 

Distribution of in Arginine Isolated from Rat Carcasses 
The values are given in atom per cent excess N“. 


Group No. 

concentratiODs in 

Arginine 

Amidine N 

Ornithine 

(found) 

Ornithine* 

(calculated) 

cfNitrogcn 

S Nitrogent 

|n[ 


0.106 


■m 

mm 



BSH 

0.157 





H 


0.204 

■■ 

0.090 

0.090 1 

0.084 


* These values are calculated from the isotope concentrations of the arginine and 
the amidine nitrogen. C^ormthine ~ SC^arsmiDs t^BmidiDa. 

t These values are calculated from the isotope concentrations of the ornithine and 
the a-nitrogen. C,.n = 2CormUiiiio — 


EXPERIMENTAL 

The experiments reported here were made -with the arginine samples iso- 
lated from the rat carcasses (muscle and skin) of a previous experiment (5). 
Into the low nitrogen stock diet of each rat, 146 mg. of isotopic glycine 
(34.4 atom per cent excess N'*) were incorporated each day for 3 days. 
After the rats had received the glycine for 3 days, three of the rats were 
killed (Group 0). The remaining rats were then kept on the stock diet. 
4 days later, two rats (Group 4), and finally 7 days later the repaaining three 
rats were killed (Group 7). From the combined protein fractions of the 
carcasses of each group arginine was isolated as the flavianate. The 
arginine samples of Groups 0 and 7 were purified through the hydrochloride 
and that of Group 4 was purified as the p-toluenesulfonyl derivative. The 
concentrations of the arginine samples were determined (Table I). 
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Distribution of in Arginine 

F* Concentration of Amidine Group of Arginine— The arginine mono- 
hydrochloride and the a-p-toluenesulfonylarginine samples were refluxed 
with a saturated Ba(OH): solution for 24 hours and the liberated ammonia 
swept into a dilute sulfuric acid trap by a stream of nitrogen. The N'® con- 
centration of the amidine nitrogen was then determined (Table I). 

F® Concentration of Ornithine Moiety of Arginine — ^The ornithine fornied 
in the barium hydroxide solution was isolated as the dibenzoyl derivative 
from samples of Group 0 and Group 7 ; that of Group 4, as the a-p-toluene- 
sulfonyl derivative. The concentrations of these samples were deter- 
mined (Table I). 

F' Concentration of a-Nitrogen of Arginine— The arginine samples of 
Groups 0 and 7 were treated with ninhydrin as described by MacFadyen 
(6) and the liberated a-nitrogen was analyzed for its isotope concentration 
(Table I). The concentration (Table I) of the a-nitrogen of arginine 
of Group 4 was determined by analyzing the amide of a-toluenesulfonyl- 
amino-i-hydroxyvaleric acid (6). 

DISCUSSION 

The experimental finding that the a- and 5-amino groups of ornithme 
contain the same concentration of isotope after the feeding of glycine 
containing demonstrates the probability that the nitrogen atoms which 
form both these groups have a common source. A discussion of three 
possible mechanisms follows. . . 

As suggested by Stetten and Schoenheimer (2), proline may be oxidized 
between the nitrogen atom and either the a- or 5-carbon atoms. T e 
respective products would be a-keto- 5 -aminovaleric acid and the semi- 
aldehyde of glutamic acid. It is conceivable that the latter acid, as well 
as the former, could be aminated by nitrogen originating from other amino 
acids to form ornithine. This mechanism would necessitate the improb- 
able assumption that the over-all rates of deamination and reamination of 
the semialdehyde of glutamic acid and the a-keto- 5 -aminovaleric acid are 
the same. Moreover, on oxidation of d- or Z-proline with d- and Z-ammo 
acid oxidase (1, 7) the keto acid was the only one isolated. 

It is possible that both the a- and 5-amino groups of ornithine are re- 
versibly removed and replaced with nitrogen from other amino acids. is 
scheme presupposes that the process proceeds at identical rates at hot t le 
“■and the 5-carbon atoms. Such a coincidence seems unlikely. Moreover, 
it appears doubtful whether the a group of Z-omithine is deaminated at a 
significant rate. Krebs (1) has shown that d-omithine is deammated by 
hidney ex-tract to form a-keto-5-aminovaleric acid, but the reaction was 
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very slow and the formation of this ketonic acid from d-omithine took 
place with one-fortieth tlie rate of formation of the ketonic acid from 
d-proline. The formation of Qf-keto-5-aminovaleric acid from l-omithine 
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has not been demonstrated. An Z-amino acid oxidase has 

isolated which deaminates most of the monoiminomonocarbox‘j'lic aci 

but attacks neither lysine, argimne, nor ornithine (7). 
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A third mechanism, which M'ould explain the equality of the isotope 
concentration of the a- and 5-amiao groups of ornithine and incidentally 
also explain the mechanism of the conversion of ornithine to proline, may 
be postulated as in the accompan 3 dng diagram. Proline is oxidized by 
l-amino acid oxidase to a-keto-5-aminovaleric acid (7); the nitrogen orig- 
inating from the proline is now in the 6 position. This keto acid is then 
irreversibly aminated in the a position by ammonia to form ornithine. 
The QT-amino group originates from nitrogen of amino acids other than 
proline. The ornithine thus formed is converted to proline by the over-all 
splitting out of ammonia from the S-amino group only. This step may be 
postulated to involve dehydrogenation at the 5 position, with production 
of o-amino-^-iminovaleric acid. This hypothetical intermediate would by 
hydrolysis yield glutamic semialdehyde, which could, by further oxidation, 
yield glutamic acid (3), or, by spontaneous ring closure, yield pyrroline- 
carboxylic acid. This should be readily convertible by hydrogenation in 
mvo into proline. Such a conversion of ornithine to proline would involve 
the loss of the 5-nitrogen and not the a-nitrogen, and the proUne would 
contain the same nitrogen which was the a-nitrogen in the ornithine. At 
this point this nitrogen of proline is shifted to the 5 position by oxidation 
of the proline to form the a-keto-S-aminovaleric acid. On amination of 
the keto acid to form ornithine a new nitrogen atom enters the a position. 
By this cyclic process every nitrogen atom in the 5 position passes through 
the a position. 

This proposed mechanism, invohTng an intramolecular nitrogen shift, 
>5 attractive, for it e.xplains best the equality of isotopic concentration in 
the a- and S-amino groups of ornithine after the feeding of glycine con- 
taining isotopic nitrogen without the necessity of postulating the improb- 
able equality of rates of amination and deamination on the a- and 6-carbons 
of ornithine. 

The equality of isotopic nitrogen in the a- and 6-ammo groups in orni- 
thine definitely demonstrates that arginine is not reversibly deaminated 
and aminated as such. One can draw this definite conclusion, for in argi- 
“ffle the 6-nitrogen is linked to the amidine group and if the a-nitrogen of 
arginine were able to undergo this reversible process the isotopic concentra- 
hou of the a- and 6-nitrogen atoms of ornithine would differ greatly'. 

SUMMARY 

, ^^®ding of glycine, containing isotopic nitrogen, to rats results in 
6 incorporation of isotopic nitrogen of equal concentration in the a- and 
amino groups of ornithine. A mechanism invohTng an intramolecular 
^Sen shift is proposed to explain this finding and for the conversion of 
nrmthine to proline. Also from the above result the conclusion may be 
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drawn that the a-amino group of arginine is not reversibly deaminated and 
aminated and this is probably true as well for the a*amino group of 
ornithine. 
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Ie unpublished experiments from this laboratoiy, j 
fed trimethylacetic (pivalic) acid and ^rtiary butylacetic a^ the 
sodium salts) in amounts ranging from 25 to 250 mg 
weight. No toxicity was observed either with smgle 
vaL the feedings (25 to 100 mg. of the acids per 100 gm. of 
were continued daily over periods of 7 to 14 days. The salts of these acids 

were relatively non-toxic to rabbits also. _ frp 

Examination of the urines excreted in these expei^ente fre- 

quently a notable rise in urinary nitrogen and a eigh ne 

excretion on the experimental days. > which is 

picric acid and sodium hydroxide (Jaffe test), t e ’ Ugnnjue 

measured in the usual method for the determination o cr sueeested 
more intense as the reaction mature ivas allowed to s n . 
the presence of some substance, which gave a positive a , 

creatimne. Glucuronic acid has been reported to give a c p . 

tion, a color which increases in intensity as the ma ure s ° reaeents 
'tive tests with the Tollens naphthoresorcinol and ^ ® 

were also observed, tests which indicated the presence o g u 

These preliminary observations led us to ^ ^nvpqtieation is 
metabolism of these two aliphatic acids. The presm , . 

unique in that, so far as is knowm to us, it is the first mw c 

of an aliphatic fatty acid containing a tertiap" car on 

studied. We have been able to show' that the mg^ ion o 

the sodium salts) is followed by a significant excretion o gl , . 

the urine, in amounts which are equivalent to ^ 

centage of the ingested aliphatic acid. While it has not 

isolate a conjugated glucuronic acid, all the evidence ®'^PP . 

esis that the acids are not reacUly oxidised but are * 

as conjugated glucuronides. It has long been knowm that certam aromatic 

• We wisb to express our appreciation to t^'t^nmethylacctic 

Louis for a grant in support of this work and also for the gift of the mm 

and tertiary butylacetic acids used in the experiments. 
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acids, as benzoic and phenylacetio, may be conjugated with glucuronic acid 
in the animal organism (2), The conjugation of an aliphatic acid with 
glucuronic acid has not been reported previously, to our knowledge. 

EXPERIMENTAI, 

Young male rabbits, 2 to 4 kilos in weight, housed in metaholism cages 
which permitted the quantitative collection of 24 hour specimens of urine, 
were maiataiaed oa unifotm diets of either a commercial rabbit chow or 
oats and cabbage. The compounds studied were administered in aqueous 
solution through a stomach tube or injected subcutaneously at the begin- 
ning of the experimental period. 

The trimethylacetic or pivalic (3) and tertiary hutylacetic acids were 
made available to us by the courtesy of the Mallinckrodt Chemical Works 
of St. Louis. Inactive trimethyllactic acid (o'-hydroxy-;8,/3-dimethyl- 
but3Tic acid) was prepared in this laboratory. Tertiary butylacetic acid 
was brominated (Hell-Volhard-Zelinsky reaction) to yield a-bromo-i3,/S- 
dimethylbutyric acid. This acid was dissolved in water, was neutralized 
ivith 0.1 N sodium hydroxide, and the solution was refluxed on the steam 
bath for 24 to 36 hours. The solution was then made definitely acid to 
Congo red (10 per cent sulfuric acid), and extracted repeatedly ivith small 
portions of ether. The ether was allowed to evaporate at room tempera- 
ture. The residual syrup crystallized on standing. The crude product 
was dissolved in water and the solution was decolorized vith norit. The 
white crystals which separated on concentration of the filtrate were dried 
at room temperature over phosphorus pentoxide. The acid melted at 
87-88° (uncorrected) and, on analysis, the following values were obtained. 



Found 

Theory 


prr cent 

per cent 


54. 16, -54. 36 

54.54 


9.H, 9.19 

9.09 

Neutral equivalent 

132 

132 


So far as is knoAvn to us, the acid has not been prepared pre\iously by 
this procedure. 

For the analyses of the urines, standard procedures were utilized: modi- 
fied Kjeldald (total nitrogen), Folin (creatinine), and Folin and Benedict- 
Denis (partition of urinary sulfur). 

The concentration of glucuronic acid in the urine was determined essen- 
tially by the procedure of Maughan, Evelyn, and Broivne (4). The specific- 
ity of the Tollens naphthoresorcinol reaction on wdiich this procedure is 
based has been questioned (5-8), but it is usually agreed that tlie method 
is applicable to a dilute fluid such as urine in the absence of any consid- 
erable amounts of reducing sugars (4, 6, 8, 9). All the “glucuronic aci 
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as determined in normal rabbit urine by this method may not be true 
glucuronic acid.» We believe, however, that when a 

fontentis observed in urines after the administration of ^ 

are knonm to conjugate ndth glucuromc acid these values represent 

creases in true glucuronic acid, and that the calculate ^mnound 

acid gives an accurate measure of the amount of the foreign compound 

^SinceTl^not possible to secure adequate amounts of 

for use in the determination, the synthesis of this reagent (10) 

tempted. The reactions proceeded smoothly up to the last s P> 

final reaction, the conversion of 1 ,3-dihydmxynaphtha ene-2.carb^^^^^ 

acid to naphthoresorcinol, failed to give satisfimtory yie s. j- i 

served that good colors could be obtained in the o ens reac i 

quantitatively, if an aqueous solution of the acid were “ P^?" ° 

naphthoresorcteol. Others have used the acid but 

the compound in solution prior to the reaction AMt 

In our L-k, we have substituted for the 0.2 per cent nap^ho msorcmd 
solution usually recommended an aqueous 0.2 per cen so u * terms 

hydToxynaphthalene-2-carboxylic acid.^ All resu ts ^ 

of n-glucurL, which was used to determine the standard 
also employed in e.\periments to determine whe er 6 nreoared by 
urine could he satisfactorily recovered. "raSColaS 

the hydrolysis of the ammonium salt of menthylg the 

from tee urine of rabbits to which menthol had been fed) ^ 

procedure described by Williams (13). ^en 

40 to 100 y of this pure glucurone per 2 ml. nere su 320 X 

analytical procedure, uniform K values t^e 

10-^). Thie values were checked repeatedly throughout the course of 

e-xperiments ulth the use of pure glucurone. tertiary 

The adminUtmtion ol the sodihm salt of Se S 

butylacetic acid, either orally or subcutaneously, o i-i,,.pp fvmical ex- 
cretion of extra glucuronic acid in the urine. Details of three tjTncal 

‘ After the completion of the present work, of 140 to 150 mg. 

ported an average daily glucuronic acid excretion y no to ^ur own (cf. 

wth a range of 56 to 218 mg. These "normal values a 

Tables I and 11). „=p of a filter which 

’Maughan, Evelyn, and Browne (4) have recommen . , gojonmeter. We 

transmits light in the region of 565 roa in the Evelyn p o , procedure as 

have found 1 540 m;- filter satisfactory. Full details of the ^ 

employcd by us are available in the doctoral dissertation of Domimc u 
kovrski on file in the library of the University of ,, Tpctitute forMedi- 

* We are indebted to Dr. Walther F. Goebel of The of compari- 

cal Besearch for a sample of pure glucurone, which serve 
son with the product prepared by us. 
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perimrate with trimethj-jacetic acid are presented in Table I. The 
excretion of extra glucuronic acid continued for 48 to 72 houre after the 
administration of the salt of the acid. The urines ■which contained the 
extra glucuronic acid all reduced Benedict’s copper reagent for sugars. It 


Table I 

ExcTclion of Glucuronic Acid after Administration of Sodium Salt of 
Trimcthylacetic Acid 

In the last two columns the amount of acid conjugated is calculated on the assump- 
tion that all of the extra glucuronic acid is conjugated mole per mole with the ali- 
phatic acid fed. Per cent refers to the percentage of the amount administered thus 
conjugated. Glucuronic acid is calculated as glucurone. 


Experiment 

No. 

Creatinine 

Nitrogen 

Glucuronic acid 

Acid conjugated 

Total 

Extra 


rtg. 

/m. 

mg. 

rtg. 


fer cent 

2-1 

150 

1.81 

116 





149 

1.69 

110 





163 

2.25 

625* 

512 

297 

SB 


161 

1.74 

216 

103 

58 

7 


153 

1.76 

143t 

30 I 

17 

2 


151 

1.64 

149 





156 

1.39 

99 


j 1 


3^ 

105 

0.64 

70 





113 

0.71 

318t 

248 

144 

35 


116 

0.74 

287 

217 

125 

31 


98 

0.56 

83 





119 

0.64 

75 




12-4 

215 

1.98 

175 





247 

2.12 

702* 

527 

306 

37 


(65) § 

(0.42) 

(226) 

(175) 


(12) 


(182)§ 

(1.70) 

(476) 

(352) 


(25) 


251 

2.83 

256 

81 

47 

6 


19i 

1.66 

100 





* 1.0 gm. of the sodium salt of trimethylacetic acid was fed. 
t The urine reduced Benedict’s reagent on this day; no reduction was obser\'ed on 
the following day despite the high value for glucuronic acid. 

1 0.5 gm. of the sodium salt of trimethylacetic acid was injected subcutaneously. 
§ The values of these two horizontal columns represent the e.xcretions in the 6 
and 18 hour periods which together comprise the 2i hour period of the horizontal 
column immediately preceding. 

■n-ill be noted that, in Experiment 2-1, the urine of the 4th day after feeding 
contained 149 mg. of glucuronic acid, an amotmt somewhat greater ^an 
the usual control values. However, since no reduction -with Benedict’s 
reagent was observed, this is not believed to represent true glucuronic acid. 
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In aii cases in which extra glucuronic acid was calculated as shoTO in 
Tables I and 11, the urines gave strongly positive Benedict’s tests and also 
contained glucuronic acid in amounts definitely greater than normal. 

The results of the administration of the salt of tertiary butylacetic acid 
were, with one exception, similar to those just discussed (Table II). The 
excretion of extra glucuronic acid was complete in the first 24 hours after 

Table II 


Excretion of Glucuronic Acid after Administration of Sodium Sail of Tertiary 
Butylacetic Acid 

For the e.xplanation of Table II, the heading of Table I should be consulted. 


Experiment 

No. 

1 Creatinine 

Nitrogen | 

Glucuronic acid 

Acid conjugated 

Total 

Extra 


mg. 

gm. 

mg. 

mg. 

mg. 

Per cent 

12-1 

222 

2.06 

119 i 





220 

2.11 

119 





220 

2.43 

840* 

721 

476 i 

57 


215 

1.93 

122 





220 

1.92 

138 


j 



220 

1.95 

122 





218 

1.98 

121 




13-1 

154 

0.82 

82 , 





167 

0.81 

61 





157 

0.85 

648t 

577 

380 

90 


172 

0.76 

84 


1 

1 


153 

0.61 

1 50 




13-2 

135 

0.61 

67 





185 

0.93 

943* 

876 

575 

69 


(65)t 

(0.25) 

(418) 

(392) 


(31) 


(120)t 

(0.68) 

(525) 

(484) 


(38) 


156 

0.80 

68 




— 

138 

0.74 

53 





1 gm. of the sodium salt of tertiary butylacetic acid was fed. 

1 0.5 gm. of the sodium salt of tertiary butylacetic acid was injected subcutane- 
ously. 


^ values of these two horizontal columns represent the excretions in the 6 and 
^ hour periods rvhich together comprise the 24 hour period of the horizontal column 
unmediately preceding. 

the administration of the salt of the acid. This difference in the rate of 
®^cretion is difficult to explain, since the two acids differ only by one 
®ethylene ( — CH 2 — ) group in the length of the chain.'* That the mobili- 
sation of the glucuronic acid occurs rapidly is shown by the data of E.xperi- 

. *^aitcr (14) has also reported differences in the biological behavior of certain fatty 
aci s with branched chains which differ from each other by only a methylene group. 
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ments 12-4 (Table I) and 13-2 (Table II) in which the 24 hour urine was 
analyzed in two fractions. In tlie specimens collected in the first 6 hours, 
a significant amount of axtra glucuronic acid was present. 

Table III summarizes all the e.xperiments with the two acids. On the 
assumption that all the extra glucuronic acid is conjugated mole for mole 
Muth the acid, we haim calculated the percentage of the aliphatic acid fed 
which is excreted in conjunction witli the glucuronic acid; i.e., 43 to 75 and 

Table III 

Summary of Experiments with Trimclhylacclic and Tertiary Butylacetic Aeiis 

I gm. of the sodium salt of the acid was administered orally, except in Experi- 
ments 3-3, 3-4, and 13-1, in which 0.25, 0.5, and 0.5 gm. respectively were injected 
subcutaneously. For further explanations of this table, the heading of Table I 
should be consulted. 


Acid 

Experiment 

No. 

glucuronic 

ftdd 

excreted 

Acid conjugated 



mg. 

mg. . 


Trimothylacotio 

2-1 

645 

372 

mm 

II 

3-1 

1065 

612 

MM 


3-2* 

993 

574 

70 

<1 

3-3t 

304 

175 

86 

II 

3-4t 

465 

269 

66 

II 

3-5 

747 

433 

53 

11 

12-2 

8S0 

512 

62 

<1 

12-4 

60S 

353 

43 

Tertiary butylacetic 

2-2 

S49 

559 

66 

II <1 

2-3* 

670 

441 

52 

It «l 

2-5 

671 

442 

53 

It II 

4-1 

S6S 

572 

6S 

II II 

12-1 

721 

476 

57 

11 II 

13-1 1 

577 

3S0 

90 

11 It 

13-2 

S76 

575 

69 


• The animal was fasted for 3 daj'S prior to the e.xperimontal day and during the 


experimental day. 

f Subcutaneous administration. 

52 to 68 per cent after feeding trimetiiylacetic and tertini(>' butjdacetio 
acids, respectively. The slightly higher values in two of the three axperi- 
ments in which subcutaneous administration was employed (Experiments 
8-3, 3-4, and 13-1, Table III) may be e.xplained by the smaller amounts of 
the acids injected in these e.xperiments. 

The isolation of conjugated glucuronic acids from the axperimental urmra 
by modifications of the procedures usually emploi'ed in such studies (1^ 
has as yet been unsuccessful. The ease with which the urines r uc 
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Benedict’s reagent without previous hydrolysis suggested that we were ' 
concerned ivith a labile glucuronide, comparable to the conjugation product 
of the aromatic organic acid, benzoic, i.c. benzoylglucuronide, the isolation 
and proof of structure of which presented difficulty in early studies (15-17). 

An attempt was made to isolate and identify the unchanged acids, 
presumably derived from the hydrolysis of the urinary glucuronates. An 
aliquot of the urine was acidified ivith 85 per cent phosphoric acid (indica- 
tor, Congo red paper), an extra 2 ml. of the acid were added, and the 
acidified urine was distilled® from a small Claisen flask. The distillate 
U'as collected in a flask cooled ivith an ice-salt mixture, and the distillation 
was continued until only a thick gummy residue remained. The distillate 
was neutralized (phenolphthalein indicator) with standard alkali by titra- 
tion, the neutralized solution was evaporated to dryness on a steam bath, 
and the residue was dissolved in the minimum amount of hot water. The 


hot solution was added with stirring to a volume of hot, 15 per cent alco- 
holic solution of S-benzylthiuronium chloride,® an amount which was only 
slightly in excess of that required for the reaction with the organic acid (18). 
The amount necessary was calculated from the volume of standard alkali 
used for neutralization of the distillate. White crystals separated on 
cooling, which, after recrystallization from a mixture of equal parts of 
alcohol and water, melted satisfactorily. The melting points and analyses 
of the S-benzylthiuronium salts prepared from the pure acids and from the 
distillates of the urine as described are given in Table IV. These studies 
have thus demonstrated that, in part at least, the acids had escaped oxida- 
tion and could be isolated from the urine. 

It was not anticipated that a quantitative recovery of the aliphatic acids 
from the urine as the S-benzylthiuronium salts would be possible. In two 
experiments in which 1.93 and 1.42 mw of trimethylacetic acid were added 
to rabbit urine, it was possible to recover as the salt 48.5 and 59.1 per cent, 
respectively, of the amounts added. In similar analyses in which 0.33 and 
2.55 msf of tertiary butylacetic acid were added, recoveries of 46.5 and 71.2 


per cent were obtained. A comparison of the amount of extra glucuronic 
field excreted and the amount of the S-benzylthiuronium salt isolated from 
the same urine was made (Table V). If the amount of acid isolated as the 
Sfilt were significantly greater than the amount calculated to be in 
combination with glucuronic acid, this would be convincing evidence for 
the excretion of the aliphatic acid in a form other than as the glucuronide. 


The boiling points of trimethylacetic and tertiary butylacetic acids are apptoxi- 
respectively. 

We are indebted to Dr. Stanley Levey of this laboratory for advice in the prep- 
wa ion of the S-benzylthiuronium salts. This reagent has been found to^ be of 
I'P" cant value in the isolation of organic acids from hiological materials in this 
‘aboratory. 
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If, on the other hand, the amounts thus calculated should be similar (the 
quantitative error in the isolation of the S-benzylthiuronium salt being 
taken into consideration), this would suggest that the acid was excreted as 
a glucuronide. Such a comparison is presented in Table V for four experi- 
ments with rabbits and two wth rats. The data are not inconsistent with 
the existence in the urine of conjugated glucuronides (or glucuronates), 

Table TV 

Melting Points and Analyses of S-Benzylthiuronium Salts of Trimethylacetic and 
Tertiary Butylacetic Acids 

All derivatives were prepared from rabbit urine unless otherwise indicated. The 
melting points are uncorrected. The mixed melting points of the derivatives of the 
pure acids and those isolated from the urines were satisfactory. 

The calculated analyses for the S-benzylthiuronium salt of trimethylacetic acid, 
CijHsoOiNsS, are carbon 58.20 per cent, hydrogen 7.46 per cent, and nitrogen 10.44 
per cent. For the similar salt of tertiary butylacetic acid, Ci 4 H 5 jOjNjS, the cal- 
culated values are carbon 59.57 per cent, hydrogen 7.80 per cent, and nitrogen9,92 
per cent. 


Add 



Nitrogen 

Carbon 

Hydrogen 



‘C. 

per cent 

per cent 

percent 

Trimethylacetic 

1 * 

163 

10.45 

58.23 

7.28 

tt 

5 

152-153 

10.34 




10 

163 

10.03 



tl 

13t 

152-153 

10^30 

57.36 


<4 

14t 

152-153 

10.42 

57.65 


(4 

2Rt 

153 

10.41 



Tertiary butylacetic 

2* 

165 

9.90 

59.84 

7.73 

44 41 

6 

164-165 

9.60 



44 44 

7 

164-165 

9.88 

59.31 

7.76 

44 44 

8 

164-165 

9.68 



“ /■ 

12 

164-165 

9.86 



4 4 4 4 

IRt 

164-165 

9.67 




* Derivatives of the pure acids. 

t These salts were not completely dried; an analysis of Sample 1, dried under the 
same conditions as were these samples, gave values of 57.57 and 7.39 per cent of car- 
bon and hydrogen, respectively, 
t Isolated from rat urine. 

which must be of the labile type, similar to benzoylglucuronide, since the 
urines tvithout previous hydrolysis reduced Benedict’s sugar reagent. It 
was necessary to interrupt this study before the isolation of the conjugated 
compound was achieved. It is hoped that the study of the problem may 

be continued at a later date. _ . • i, . • 

The qualitative evidence of the presence of glucuronic acid in the expen- 
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mental urines was supported by the preparation of the 2 ,4-dmitrophenyI- 
hydrazide of glucuronic acid by slight modifications of the procedure de- 
scribed by Williams (13). The derivative thus obtained was compared 
with the similar derivatives prepared from a sample of glucurone obtained 
from Dr. Walther F. Goebel and a second sample prepared by hydrolysis 
of menthylglucuronic acid in our ovm laboratory All the hydrarides melted 
at 199-200° (uncorrected) with decomposition and the melting points were 
not depressed when the hydrazides of various origins were mixed. Wil- 
liams has reported a melting point of 205°. The nitrogen content of four 
samples of the hydrazide prepared from urine varied from 14.67 to 14.87 
per cent (theory, 15.00 per cent). 


Table V 


Comparison of Amount of Extra Glucuronic Acid Excreted with Amount of 
S-Bemylthiuronium Sail Isolated from Urines 
Unless otherwise indicated, the experimental animals were rabbits. 


Acid fed 

Extra glucu- 
roDte acid in 
24 hrs. 

(a) 

Salt isolated 

w 

(i/a) X 100 

Corrected* 


mu 

mu 

mu 

fer cent 

^er cent 

Trimethylacetio 

16.10 

5.93 

2.09 

35.3 

63+ 


16.10 

8.43 

2.95 

35.0 

63- 


4.00t 

2.20 

0.98 

44.1 

79- 

Tertiary butylacetic 

14.40 

10.50 

3.60 

34.2 

61+ 


28.80 

25.90 

12.45 

48.1 

86- 



2.97t 

1.93 

0.89 

46.6 

83+ 


Corrected from the figures in the preceding column, on the assumption that the 
amount of the derivative actually recovered represents 56 percent (average of four 
recovery experiments described in the text) of the acid actually present. 

I Rat experiment. 


The possibility that these aliphatic acids may also be excreted in con- 
jugation with glycine hds not been investigated. Many aromatic acids, 
Dot easily oxidized, have been shown to be excreted as conjugates of glycine. 

though it seemed improbable that the acids whose behavior ive were 
uivestigating or products of their metabolism would be conjugated with 
®u uric acid or with cystine (as is monobromobenzene), the distribution of 
unnary sulfur was determined in the urine of rabbits fed each of the acids 

*ui er consideration. No changes in the distribution of sulfur were ob- 
served. 

In a continuation of the study of aliphatic acids in whose molecule a 
ertjary carbon atom was present, the sodium salt of a-hydroxy-^,^-di- 
® ylbutyric acid (trimethyllactic acid) was fed to two rabbits in an 
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amount equivalent to 1 gm. of the salt of tertiaiy butylacetic acid (7.24 
mil). The urines excreted in the 24 hour period immediately following 
administration of the acid reduced Benedict’s reagent, gave a positive 
ToUens ^t, imd on quantitative analysis were shown to contain extra 
glucuronic acid in amounts which were significant, although less than 
those observed in the experiments nith the related tertiary butylacetic 
acid. Thus 167 and 287 mg. of e.xtra glucuronic acid were present, equiva- 
lent to 23 ssd 22 per cent o( the acid led respectively. The e.vcretion of 
extra glucuronic acid was completed in the first 24 hour period. A sub- 
stance could be extracted from the acidified urine by ether, which gave the 
yellow color with Uffelruann’s reagent characteristic of lactic acid and 
other a-hydro.xy acids. 


DISCUSSION 

The recovery ot sigmfieant amounts of fatty acids from the urine after 
the administration of the two aliphatic acids which contain tertiary carbon 
atoms was imeXpected. It has been stated that “fatty acids with branched 
chains readily undergo coruplete oxidation” and that "within certain natural 
limitations Knoop’s hj^pothesis of j8-oxidation is applicable to the case of 
fatty acids with branched chains” (19). These conclusions have been 
drawn, however, from the study of acids which contain, in the aoi ^ posi- 
tion, a secondary carbon atom (=CH— ) rather than a tertiaiy carbon atom 
(=C — ), which is present in the compounds here investigated. The 
isomers of trimethylacetic acid, a- and P-methylbutyric acid, and of tertiaiy 
butylacetic acid, a- and /5-ethj'lbutyric acid, have been shown to have a 
biological behavior similar to that of butyric acid (19). However, in these 
isomeric acids, both the «- and /S-carbon atoms still have at least 1 
hydrogen atom attached and it is assumed that a or ^ oxidation or an a,P 
desaturation may occur as the initial reaction in the oxidation (14). Since 
no hydrogen is attached ttj the a- (trimeth 5 dacetic acid) or the (tertiary 
butylacetic acid) carbon atom of the acids which we have studied, the above 
reactions may presumably not be possible and the oxidation of the acids 
does not occur readil}’'. The amounts of the acids recovered from the urine 
as the S-benzylthiuronium salts ranged from 35 to 50 per cent of tte 
amount fed. If, as suggested by the control recovery^ e.xperiments mth 
rabbit urine, these values represent about half of the acid present in the 
urine samples, it is apparent that a relatively large fraction of the acid was 
excreted in the urine without o-xidation. The isolation studies gave no 
indication of the presence of other volatile acids which might have bem 
formed. The ease with which the S-benzylthiuronium salts were purified 
speaks against the presence in significant amounts of any volatile acid o er 
than the one actually isolated. The possibility that non-volatile hydroxy 
acids were present in the urines is not ruled out. 
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Although the isolation of the conjugated glucuronide has not been 
accomplished, all the evidence points to the fact that the acids containing 
a tertiary carbon atom are not readily oxidized, but are excreted largely 
in conjugation with glucuronic acid. 

In most experiments, the ingestion of the acids was followed by an in- 
crease in urinary nitrogen (rats, rabbits). It is difficult to interpret such 
changes in urinary nitrogen, particularly with rabbits, in which the urinary 
nitrogen may vary somewhat irregularly. An increased protein metabo- 
lism, associated with the endogenous origin of the glucuronic acid, is sug- 
gested. This aspect of the problem will be considered more in detail in a 
subsequent communication, in which the biological origin of the glucuronic 
acid made available for conjugation will be discussed. 

SUMMARY 

The biological behavior of simple aliphatic acids which contain a tertiary 
carbon atom, trimethylacetic (pivalic) and tertiary but3-lacetic acids, after 
administration (oral and subcutaneous) to rats and rabbits has been 
studied. 

Evidence is presented which indicates that the acids arc not readily 
oxidized but are excreted in large part as labile conjugated glucuronides. 
This is believed to be the first reported instance of the conjugation of 
glucuronic acid with an aliphatic fatty acid. 
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Because of the pathological growth induced by the crown-gall bacterium, 
Phytomonas tumefaciens (Smith and Townsend) Bergey et al., the metabolic 
products of this organism are of special interest. Any differences between 
metabolic products from virulent and attenuated strains of crown-gall 
bacteria would receive particular attention because of their possible relation 
to diseased growth. In previous studies of these metabdlites, Mclntire, 
Peterson, and Riker (22) isolated and characterized a polysaccharide which 
accounted for 15 to 20 per cent of the sucrose fermented by a virulent strain 
of the organism. This polysaccharide was a water-soluble glucosan having 
a molecular weight of about 3600 and a specific rotation, [a]^, of —9° to 
— 10°. The question arose whether an attenuated strain formed a poly- 
saccharide, and if so whether it would be the same as that produced by the 
virulent organism. It was also desirable to know whether crown-gall 
bacteria formed glucosan from other sugars in addition to sucrose. It has 
been found that an attenuated strain produces a polysaccharide and that 
the virulent organism forms polysaccharide from various sugars. The 
preparation and properties of these metabolites are described below. 

EXPERIMENTAL 

Cullure and Medium — ^Two strains of Phytomonas tumefaciens were em- 
ployed. Both the virulent strain, A6 (32), and the attenuated daughter 
strain, A6-6 (14), were progenies of single cells. Pathogenicities of these 
cultures were checked at intervals by inoculation into tomato plants. In 
all tests the virulent strain induced galls while the attenuated strain pro- 
duced only rudimentaiy or no galls. The sucrose-mineral salts medium 
and the methods employed in growing the bacteria were the same as those 
described by Mclntire ei al. (22), except that in some fermentations either 
fructose, glucose, arabinose, or xylose was substituted for sucrose. All 
augare were employed at 2 per cent concentrations. Except when other- 
wise indicated, all cultures were grown by inoculating 200 ml. of the medium 

^Published with the approval of the Director of the Wisconsin Agricultural Ex- 
^nment Station. This project has received support through grants from The 
a mational Cancer Research Foundation and from the special research fund of the 

University of Wisconsin. 
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with 2.5 per cent of a 24 hour liquid culture and incubating at 26° (±0.5°) 
for 5 days with mechanical shaking, and the cultures wrere carried in 1 liter 
Erlenmeyer flasks w'hich were provided with 6 inch extension necks to re- 
duce splashing. In order to provide increased and uniform aeration, the 
cotton plugs were replaced by double layers of six ply, oil-treated, air-filter 
tissue. 

Analytical Methods-r^arhon analyses were made by the wet oridation 
method of Heck (13). Total reducing sugar was determined after hydrol- 
ysis according to the method of Shaffer and Somogyi (Reagent 50 with 5 
gm. of potassium iodide per liter (30)). The nitrogen contents were esti- 
mated by a micromethod described by Johnson (18). Optical rotations 
were measured at approximately 20° with a Schmidt and Haensch polarim- 
eter No. 52B, with monochromatic light. Samples for analyses were 
ground fine and dried to constant weight at approximately 50° over calcium 
chloride in a vacuum desiccator. 

Carbon Balance — ^The distribution of certain metabolites in fermented 
cultures of both virulent and attenuated strains was determined as follows. 
Parallel fermentations with sucrose as the chief carbon source were run 
according to the techniques already described. Several fermented cultures 
of each organism were combined, and each lot was fractionated as described 
below. The total volume of cultures handled varied from 1.5 to 7 liters. 

' The pH of fermented cultures varied from 5.3 to 5.7. 10 ml. portions 
titrated to the color change of bromothymol blue required 0.7 to 0.8 ml. of 
0.1 N sodium hydroxide. The fractionation was carried out without ad- 
justments of the pH. After the cells were removed in a Shairples super- 
centrifuge, the clear supernatant liquid was treated with 10 ml. of saturated 
barium acetate solution per liter of culture and a precipitate (mostl}’’ in- 
organic) was allowed to settle for 1 to 2 hours before it was collected by 
centrifugation. The supernatant solution was concentrated by distillation 
under reduced pressure to about one-twentieth to one-thirtieth of the orig- 
inal volume, and an equal volume of ethyl alcohol was added. A precipi- 
tate formed and quickly settled. This precipitated fraction was designated 
as “gum” and was earlier studied bj^ Conner el al. (6). This precipitate 
was removed by centrifuging and the clear solution was concentrated to 
about one-half its volume, and then poured dropwise with mechanical 
stirring into 9 to 10 volumes of absolute ethyl alcohol. A copious white 
precipitate of the polysaccharide studied separated at this point. After it 
had stood at room temperature for 1 to 2 hours, this was collected by 
centrifugation and the supernatant solution was treated with basic lea 
acetate. The precipitate that formed was removed by centrifuging and 
the final solution, designated as Filtrate D, w'as saved for analyses of tota 
carbon and unfermented sucrose. 
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Analyses for total carbon and residual sucrose were made on the main 
solution before and after the separation of each fraction. The differences 
beUeen the carbon in unfermented sucrose and total carbon at each point 
represented the metabolized carbon in the solution. Differences between 
metabolized carbon in the solution before and after the separation of cells 
and of each precipitate represented the metabohzed carbon of that particu- 
lar fraction. Carbon dioxide, since it is the only appreciable volatile 
metabolite produced imder the conditions employed (6, 20), was calculated 
from the differences in total carbon between parallel unfermented media 
and fermented cultures. Subsequent to the use of both alcohol and acetate 
in the fractionation, it was necessary to remove these compounds from 
samples taken for total carbon analyses. These samples were evaporated 
to drjmess under reduced pressure. The residue was dissolved in a few ml. 


Table I 

DistTibution of MelaboUzed Carbon in Cultures of Vxrulenl and Attenuated 
Crown-Gall Bacteria 


Fraction No 

1 Distribution of metabolired carbow 

1 . _ __ 

Virulent culture ^ 

Attenuated culture 


per tent 

per cent 

CO, 

3S 

48 

Cells 

13 

12 

Gum (insoluble in 50% alcohol) 

15 

16 

Polysaccharide (insoluble in 90% alcohol).. 

18 

13 

Pb precipitate 

6 


Filtrate D 

14 


Total 

104 

1 

107 

i 


of distilled water, acidified with 1 or 2 drops of 1 n sulfuric acid, and the 
solution concentrated to almost dr3Uiess. 

These determinations gave a rough idea of the distribution of the products 
in the fermentations. Typical metabolism balances are presented in Table 
T The total percentages are somewhat high, probably because of errors 
in sampling and the assumption that all reducing substances reacting with 
the alkaline copper reagent in the sugar analyses contained the same per- 
centage of carbon as glucose. 

The data in Table I show no great differences in distribution of metabol- 
ized carbon in cultures of virulent and attenuated strains. The values for 
cells and gum and the total of the imidentified materials in the lead precipi- 
tates and Filtrate D are nearly the same in each case. However, m this 
other experiments greater amounts of carbon dioxide and smaller 
founts of the polysaccharide rvere produced by the attenuated organism. 






92 


POLYSACCHARIDE OF P. TDMEFACIENS 


Isolation and Purification of Polysaccharide from Attentuated Cultures— 
Isolation of the polysaccharide fraction was made by essentially the 
procedure used earlier (22) for the \'irulent culture, and already described 
above. Purification was accomplished by dissolving the polysaccharide in 
water and treating the solution with small successive portions of alcohol 
until it was opaque. It was then centrifuged and any barium remaining 
was removed by adding a few drops of 1 n sulfuric acid. Any excess of 
sulfate was then precipitated vdth barium carbonate, and the precipitate 
was removed by centrifugation. The clear supernatant liquid was then 
poured dropwise with stirring into 9 to 10 volumes of absolute ethyl alcohol. 
Repeatedly dissolving the polysaccharide in distilled water and reprecipi- 
tating it in alcohol resulted in increased purification. The final product, 
upon drying in a vacuum desiccator at 50°, was a nearly white, amorphous 
substance. After norit treatments of a solution of the substance in 50 
per cent alcohol, the product was pure white. Three to four reprecipita- 
tions and one norit treatment usually sufficed for preparations from the viru- 
lent strain. However, -the polysaccharide from the attenuated strain 
required five or six reprecipitations and three to four norit treatments before 
) the brown color could be removed. The final product in each case dissolved 
readily in water and gave a clear, almost colorless, solution. 

7 liters of medium containing sucrose os the carbon source were fermented 
by the attenuated strain and were treated by the above procedure with a 
yield of 14 gm. of purified polysaccharide. Tnm prevdous attempts at 
isolating this material from attenuated cultures yielded respectively 1.0 
gm. from 2.2 liters and 0.84 gm. from 2.2 liters. Thus in three attempts 
an average yield of 0.94 gm. per liter was obtained. 

Properties of Polysaccharide from Attenuated Strain — Determinations ot 
the ash, specific rotations before and after hydrolysis, reducing sugar after 
hydrolysis, and nitrogen content were made. The ash content was 2.03 
per cent, and the nitrogen content was about 0.15 per cent. On the ash- 
free basis, the specific rotation, [a]”, was —10.1° (c = 2, HjO). After 
hydrolysis specific rotation, [a]”, based on reducing sugar calculated as 
glucose, was -f 53.3° (c = 2, 0.8 n HCI), thus indicating that the reducing 
sugar w'as glucose, a pure sample of which under the same conditions had a 
specific rotation of +52.6°. Reducing sugar (glucose) accounted for 97 
to 98 per cent of the substance. Hydrolysis in 1 n hydrochloric acid at 99° 
was complete in .90 to 105 minutes. These data are considered as pod 
evidence that the polysaccharide from attenuated crmvn-gall bactena is 
veiy similar, if not identical, -with the polysaccharide from the virulent 
strain. A comparison of the properties of the polysaccharide from ffie 
attenuated strain with a number of polysaccharide preparations isolated 
from cultures of the virulent strain is given in Table II. 
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Additional evidence that polysaccharides of virulent and attenuated 
crown-gall bacteria are the same was obtained by Dr. R. E. Reeves* from 
specific rotations in cuprammonium hydroxide solutions. The method 
used is described by Reeves and Thompson (25). These polysaccharides 
show negative rotations in water and large positive rotations in cupram- 
monium solution (containing 15 gm. of copper and 240 gm. of ammonia per 
liter). Readings were taken on 0.5 per cent solutions at 25° with the Hg 
blue line (436 mp) and 0.5 dm. tubes. The specific rotations of the poly- 
saccharide from virulent bacteria (Preparation 3, Table II) were —22° in 
water and 4-804° in cuprammonium. The corresponding specific rotations 


Table II 

Properties of Polysaccharide Preparations from Virulent and Attenuated 
Crown-Gall Bacteria 


Prepara- 
tion No. 

Substrate 


Yield 
per liter 

Ash 

1^9 

[all? after 
hydrolysist 

Reducing 

sugar* 

Nitrogen 




Virulent culture 






ml. 

tm. 

per cent 

degrees 

degrees 

per cent 

per cent 

1 

Sucrose 

4100 

2.1 

1.06 

-10.5 

4-53.3 

99-101 


2 

(C 

4000 

3.5 

0.35 

-9.3 

4-55.1 

99-102 


3 

tt 

3200 

1.5 

1.32 

-9.9 

4-53.3 



4 

Fructose 

1500 

0.6 

2.64 

-8.9 

4-53.2 


0.16 

6 

Gfucose 

1600 

3.5 

2.92 

-10.3 

4-53.5 


0.09 














Attenuated culture 




6 

Sucrose 

7000 

2.0 

2.03 

-10.1 

4-53.3 

97- 98 

0.15 


Calculated on the ash-free basis. 

tThe concentration was calculated from the reducing sugar (glucose) obtained. 


for the polysaccharide from attenuated bacteria (Preparation 6, Table II) 
were -23° and -f960°. 

The preparations agreed well in negative rotation. The differences 
etween -1-960 and -1-804 are beyond experimental error but are probably 
not significant when the differences in ash contents and purity of the two 
preparations are considered. As indicated in Table II, Preparation 3 from 
6 virulent strain had a lower ash and a lower nitrogen content and a higher 
percentage of reducing sugar than the polysaccharide, Preparation 6, from 
e attenuated strain. The purer preparation would be expected to have 
^ wgher specific rotation. 

e behavior of these preparations in cuprammonium is interpreted 

^thora wish to thank Dr. Reeves at the Southern Regional Research Lab- 
*71 New Orleans, for these determinations. 

















94 


POLYSiVCCHAniDE OF P. TUMEPACIENS 


by Dr. Reeves (23, 24) as indicating tliat the anhydroglucose units of the 
polysaccharide may be linked through the 1 and 2 positions. 

PolysacchuTidc PToduction hy ViTidcut Cvown-Gcill Pactcria froTn Vanous 
Sugars — The crou-n-gall bacterium utilizes a great variety of carbon and 
nitrogen sources (26, 29). It was desired to know whether the bacteria 
could convert other sugars as well as sucrose to the glucosan. Accordingly, 
appropriate media containing fructose, glucose, arabinose, .\3d0se, and 
commercial sucrose, respectively, were fermented by the virulent strain, A6. 
The polysaccharide from each fermentation was isolated and was purified 
according to the procedures described above, and the properties of all 
preparations were compared. 

A reasonable puritj' and a freedom from undue contamination for the 
various preparations reported in Table II were concluded on the basis of 
ash, nitrogen, total reducing sugar contents, and specific rotation. Ash 
contents ranged from about 0.4 to 3 per cent; those from the virulent strain 
cultured on sucrose were usually less than 1.5 per cent. Preparations from 
other sugars were higher. Nitrogen contents ranged from 0.04 to 0.15 per 
cent. Specific rotations were usually about —9° to —10° rrith small 
variations beyond these values. 

Specific rotations both before and after hydrolysis of the polysaccharides 
which were formed from glucose and fructose, respectively’-, agreed well with 
those of the polysaccharide from sucrose. The maximum yields in 5 day 
fermentations from glucose and sucrose rvere about the same,'f.c., 3.5 gm. 
per liter. The average yield per liter of three preparations from sucrose 
rvas 2.4 gm . However, the preparation isolated from the fructose fermenta- 
tion amounted to only 0.6 gm. per liter. The lower yield from fructose 
was explained partially bj^ the amount of sugar fermented. In 5 day's both 
virulent and attenuated organisms fermented 70 to 95 per cent of the 
sucrose. In fermentations to secure polysaccharide from glucose, fructose, 
and xylose the virulent organism had fermented 97, 59, and 58 per cent, 
respectively, of these sugars. However, it also seemed that fructose and 
other sugars not containing glucose units were either converted into glucose 
before the polysaccharide was formed or were degraded into smaller units, 
some of which were rebuilt into glucosan. In either case the o\'er-all proc- 
ess was probably not as efficient as the seemingly more direct conversion 
of free glucose or glucose units (e.g., in sucrose) into glucosan, Further 
evidence to this effect appeared rvhen the yields of polysaccharide materia 


from arabinose and xylose were considered. 

The yield from arabinose was only 0.170 gm. from 1600 ml. of femmn 
medium. The specific rotation, [«]“, was —10.7° (c = 0.9, Hs ) ^ 
calculated on the direct weight with no correction for ash content; speci 0 
rotation after hydrolysis was +49.7° (c = 0.3, H2O). Theyjeld 0 poy 
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saccharide material from a .vylosc substrate was 0.390 gm. from 1600 ml. of 
fermented medium. Specific rotation, la]f, was —0.38° (no correction for 
ash) before hydrolysis and +52.9° (c = 0.2, HsO) after hydrolysis. These 
preparations were obtained in such small quantities that adequate purifica- 
tion was difficult, and the expense of the pure substrates was too great to 
warrant carrj'ing out fermentations on a scale large enough to assure that 
a few gm. of the polj'saccharide material would be obtained. Preparations 
from all sugars were most satisfactorily purified when a yield of 5 gm. or 
more of the polysaccharide was obtained. The data on these two prepara- 
tions were not sufficient to identifj’' these polysaccharides with that pro- 
duced from sucrose, glucose, or fractose, but the data obtained suggested 
that small amounts of the glucosan were also formed from arabinose or 
xylose. 

Attempts at Fermentation of the Polysaccharide — Speculations as to the 
function of the polysaccharide in the cellular metabolism of the organism 
suggested that, if the polysaccharide were simply a reserve material, the 
organism should be able to utilize it as a source of carbohydrate. To test 
this possibility the following experiment was performed. Four series of 
50 ml. flasks, each containing 10 ml. of the regular salts medium plus the 
carbohydrate under consideration at about 2 per cent concentration and 
0.0813 mg. of manganous sulfate per 100 ml., were sterilized by autoclaving 
for 20 minutes at 15 pounds. They were inoculated with a 2.5 per cent 
24 hour liquid culture of the virulent organism, and incubated at 26° 
(±0.5) with mechanical shaking during a period of several days. Since 
manganese is important in the metabolism of the organism (21), it was 
added in this experiment. The carbohydrate for each series xvas, respec- 
tively, (o) purified polysaccharide, (b) a mixture containing 1.69 per cent 
of polysaccharide plus 0.29 per cent of glucose, (c) glucose, and (d) sucrose. 

The contents of one flask of each series w^ere quantitatively transferred 
to a 250 ml. volumetric flask, diluted to volume, and samples taken for 
analysis of reducing sugar at the beginning and after 2, 4, 6, 10, and 14 days 
of fermentation. In the medium containing both glucose and polysac- 
charide, the reducing sugar value before hydrolysis was taken as the amount 
of glucose present and the difference between this value and that after 
ydrolysis in 1 N hydrochloric acid for If to 2 hours at 99° represented the 
polysaccharide present. Utilization of sucrose was calculated (as glucose) 
com the reducing sugar present after hydrolysis wdth 1 N hj'drochloric acid 

Jo for 10 minutes. The data are summarized in Table III. 

■^alyses of cultures containing polysaccharide as the only^ source of 
carbohydrate showed that 0.8 to 10.1 per cent or an average of 5.9 per cent 
0 Polyrsaccharide disappeared in 14 days. In fermentations containing a 
coixture of polysaccharide and glucose all of the latter carbohj'drate had 
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disappeared in 2 days and the total carbohydrate disappearing varied from 
15 to 23 per cent with an average of 18.3. Since 15 per cent of the mixture 
was glucose, the polysaccharide utilized in this series was about 3 per cent. 
This indicated that, even after growth had been initiated on a readily 
utilizable substrate, the bacteria were still unable to metabolize the poly- 
saccharide present. In contrast to the utilizations of glucose and of sucrose, 
44.7 and 49.1 per cent, respective^', the polysaccharide was not utilized 
to any significant extent under the conditions employed. 

The percentage utilizations of glucose and of sucrose are lower in tliis 
experiment than was generally obseia'ed. This was probably due to the lim- 
ited aeration obtainable in 50 ml. flasks, ^^^lereas ordinarily liter flasks were 
employed, it was not practical to use them in this experiment because of the 
limited amount of poh'saccharide available. 

Table III 

Viilizalion of Polysaccharide by Tirutcni Crown-Gall Bacteria 


Source of carbobydrete 


L«ncth of 
\ncuo:i\iOTi 
period 

Tolysaccharide 

Glucose 

polysaccharide 

Glucose 

Sucrose 


Present 

Fermeoted 

Present 

Fermented 

Present 

Fennented 

Present 

Fenneated 

dayi 

PIS, 

fff «nt 

ns. 

PfT €fnt 

MJ. 

per Cfnt 

nS‘ 

per tnt 

0 

181.0 

0 

186.0* 

0 

1S3.S 

0 

1S9.6 

0 

2 

174.4 

5.3 

151.0 

18.5 

133.0 

27.6 

126.6 

33.2 

4 

163.4 

9.7 

151.0 

18.5 

120.5 

34.4 

114.8 

39.5 

6 

162.8 

10.1 

142.5 

23.3 

115.5 

37.2 

123.5 

34.9 

10 

179.6 

O.S 

156.5 

15.8 

113.0 

38.5 

106.2 

44.0 

14 

174.7 

3.5 

157.3 

15.3 

101.6 

44.7 

96.6 

49.1 


• This consisted of 15S mg. of polysaccharide and 28 mg. of glucose. Polysac- 
charide and sucrose were calculated (as glucose) from reducing sugar found after 
hydrolysis. 


Further evidence on the availability of the pol 3 'saccharide as a nutrient 
was obtained in the following manner. A group of \'irulent cultures was 
grorni by the usual methods for a period of several daj-s. On the 5th da^ 
group of flasks was removed, the contents combined, and the fermented 
medium e.xamined for the polysaccharide fraction, as described above. The 
remaining flasks were allowed to incubate 14 daj's before they were liken ise 
analj'zed for polysaccharide. The j'ield from the 5 daj’ cultures was S.( 
gm. per liter and from the 14 daj' cultures 5.71 gm. per liter. Sugar uti iza- 
tion in 5 daj'S was 84 per cent and in 14 da 3 'S was 100 per cent. T le 3 ne 
of poh'saccharide from the 5 day fermentation was slightly liigher t an nf^ 
obtained ordinarily; 3.5 gm. per liter were previously consider a goo 
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jneld. This represents a 17.5 per cent conversion of the sucrose to poly- 
saccharide. The yield from the 14 day fermentation represents a conver- 
sion of 28.5 per cent of sucrose to polysaccharide. In order to account for 
this increased yield on the basis of the sucrose remaining after 5 days, it 
would be necessary to assume a conversion of 69 per cent of this sugar to 
polysaccharide. On the other hand the increase may be accounted for by 
assuming that an intermediate compound vas converted into glucosan in 
the later stages of the fermentation. If the polysaccharide had been 
rradily utilized, little would be found after 14 days, since under the condi- 
tions emplo 5 'ed 99 to 100 per cent of the sucrose usually had disappeared in 
6 days of fermentation. 

. The inability of the organism to metabolize the polysaccharide was fur- 
t er emphasized by the yield of this substance from very old cultures, 
iquid cultures of the virulent organism were incubated for approximately 
months. Aeration by mechanical shaking was provided during the first 
5 dajs of the period and also for 3 days at the end of the incubation period, 
e polysaccharide was isolated, reprecipitated, dried, and weighed. From 
00 ml. of fermented medium a total yield of 6.5 gm. or 5 gm. per liter 
J'as obtained. Apparently the organism does not utilize the polysaccharide 
or energ}' purposes, and hence it must perform some function other than 
that of a reserve material. 


DISCUSSION 

That an attenuated strain of the cro^vn-gall organism produced the same 
6 ucosan m a virulent strain adds another character in which these organ- 
®™ilar. Earlier workers (4, 28, 19, 27, 1 5) have made comparative 
strains but with. one exception have found no differences 
" be correlated Avith pathogenicity. Berge et al. (4) found giant 

fh O'ttenuated crown-gall bacteria to have a greater ring pull with 

e u Noiiy tensiometer than parallel colonies of a virulent strain, and 
® onuated liquid cultures also had a greater viscosity in the Saybolt viscosi- 
meter than parallel virulent cultures. Since the viscosity of bacterial cul- 
related to the production of gums, polysaccharides, and 
m ® substances (I), one might have expected to find larger amounts of 
0 ysaccharide in attenuated than in virulent cultures. The lower quanti- 
0 purified polysaccharide produced by the virulent cultures do not, 
j°~®ver, exclude the possibility that other products may account for this 
th viscosity. It also remains for further study^ to show whether 

^ amount of glucosan produced by \’irulent and attenu- 
g. have any relationship to their differences in pathogenicity. 

crown-gaU organism was able to produce a glucosan from sugam 
id not contain glucose units, this indicated a versatility not often 
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obsen-ed in pob’sacclmride production by microorganisms. Substrate 
requirements for polysaccharide formation mentioned in the literature are 
usually more specific. IjCHco}\oslocdcxtTciTiicH77i (3j 9j 10) nvid SctahaclcrzuTit 
vcTTtiiJoTMc (9) produced dextrans onl3'’ from sucrose. jLcucotiosIoc mesea- 
icroides (31, 12) produced dextrans in quantity only from sucrose. Two 
strains of the latter organism produced slight amounts of polysaccharide 
wlien cultured on glucose (32). 

The substrate requirements reported for the production of levans are 
also specific. Bacillus mescnicricus and Bacillus sublilis formed levans onlj' 
from sugars liaving terminal fructofuranose groups such as occur in sucrose 
or raffinose (11, 16). No polysaccharides were produced from melezitose, 
which consists of a fructofuranose group situated between two anhydro- 
glucose units, nor from maltose, lactose, glucose, or fructose (fructopy- 
ranose). Bacillus laclis (5) produced a le\-an only from sucrose. A 
number of plant pathogens studied bj' Cooper and Preston (8) produced 
polysaccharides only when cultured upon media containing sucrose, and 
the polysaccharides were all of the levan type. These workers also pointed 
out that no evidence was j’et available for the production of daxtrans or 
pentosans bj' plant pathogens. The glucosan produced by the crown-gall 
organism now constitutes evidence for the formation of one of these com- 
pounds. These workers (8) included the crown-gall organism, Phytomoms 
tumcfacicns (earlier designated as Pseudomonas and also Bacierium tume- 
faciens), among those plant pathogens consistently jdelding no polysac- 
charide. Since they employed 3 xmlumes of alcohol for the separation of 
the polysaccharides studied, the glucosan produced bj' the crmra-gall bac- 
terium, and, which in our e.xperience was precipitated only by 9 to 10 vol- 
umes of alcohol, doubtless was overlooked. 

Reports of organisms which form the same polysaccharide from various 
substrates are not numerous. Polysaccharides from different species of 
rhizobia (17) varied in uronic anhydride eontents, but the products formed 
bj' Rhizohium meliloii from sucrose and from mannitol were very similar in 
their contents of uronic anhydride and pentosan, and hence might be the 
same. The uronic anhj^dride contents of polj^saccharides from Rhizobtum 
radicicoltim (7) grown on sucrose, glucose, or sorbitol varied with the sub- 
strate, being 18 per cent for sucrose, 4.4 per cent for glucose, and 3.6 per 
cent for sorbitol. The wide range in these figures suggests that the sub- 
stance from sucrose is not identical with that from glucose or sorbito , a - 
though the material from the latter two substrates might be the same. 
Acelohactcr xylinum (2) formed from either glucose, fructose, galactose, 
sucrose, mannitol, or glycerol a cellulose which was identical wt i a 

"“Thautrcrolmiall organism does not utilize the polysaccharide under 
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the conditions employed recalls the earlier work of Anderson (1) and Car- 
ruthers and Cooper (5). Anderson found that the purified gum isolated 
from rhizobia eultures, when incorporated as the source of carbohydrate 
into nutrient agar, did not support growth of the organism. Carruthers 
and Cooper showed that Leitconosloc dextranicum was unable to produce 
acid or reducing sugars from the dextran it synthesized, and no evidence 
of hydrolysis of the polysaccharide in culture was found. 

SOIIMARY 

The isolation, purification, and properties of several polysaccharide 
preparations from cultures of virulent and attenuated strains, respectively, 
of the crown-gall bacterium have been described. More polysaccharide 
was obtained from virulent than from attenuated cultures. Specific rota- 
tions in aqueous and cuprammonium solutions and properties of hydrolysis 
products indicated that the polj'saccharide from the attenuated strain was 
probably identical with the low molecular weight glucosan produced by the 
virulent strain. 

Glucosan produced by the virulent strain from sucrose, glucose, and 
fructose varied in yield but possessed the same properties as judged by 
specific rotations, before and after hj'drolysis, and reducing sugar content 
and hence were considered identical. 

Very small quantities of polysaccharide material were also formed by 
the virulent organism from xylose and arabinose. Solubilities and specific 
rotations after hydrolysis suggested that these preparations were also of the 
glucosan type. 

Under the conditions emplo 3 md the glucosan was not readily utilized by 
the crown-gall bacterium as a source of carbohydrate. This was also indi- 
cated by the greater yields of the polj’^saccharide obtained from older cul- 
tures. 
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In previous publications (1, 2) tve have reported that the human metab- 
olism of the d forms of tiyptophane and phenylalanine differ from that of 
the I varieties, and that no differences could be detected in the utilization of 
the methionine enantiomorphs. Our attention was next directed to a stu 5 
of the metabolism of I- and df-cystine because of the practical inaphcations 
arising from the probable presence of the unnatural form of cystine in aci 
hydrolysates of proteins (3) which are being proposed for parentera 
feeding. In accordance with our adopted experimental techmque, norma 
subjects were fed equal quantities of dl- and f-cystine and the metabolism of 
these compounds compared on the basis of the urinarj' output 0 cys me 
and other sulfur metabolites. Thus it was observed that t e inges ion 0 
di-cystine caused a marked cystinuria in all subjects studie ^ an a 
i-cystine did not. Indeed, the cystine output after the administration of 
i-cystine was found to be no greater than when no cystine vm giAcn. 
was further noted that the feeding of racemic cystine induced an increi^e 
in the urinary output of total S, but failed to effect the excretion ® * 

nine, indican, and inorganic S. These observations are interpreted to mai- 
cate that the unnatural isomer is only partially utilized by man. 


EXPERIMENTAIi 

Commercially available f(— )-cystine (Merck), which contained 
per cent N by micro-Kjeldahl (4) and had a specific rotation 
-210'’ in 1.01 N HCl (1 per cent), was used in these 
requisite dZ-cystine ^vas prepared in this laboratory from 
tically active specimen described above by the du ^ igneau m 

(5) of the Hoffman and Gortner procedure (3). The25gm. 0 cy 

*The work described in this report was supported “ p^^®at"support was 
Rockefeller Foundation and the Nutrition Foundation, In - j p^jparch, 

also derived from a contract recommended by the Commi e Johns Hopkins 

between the Office of Scientific Research and Development and The Johi« Hop 

University. . - 7 ^ 
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tained by tliis process were found to contain 11.69 per cent N and to be 
optically inactive in 1.01 nHCI (1 percent). 

2 hours after the elimination of the night urine fasting subjects were given 
2.4 gm. (0.01 sr) of f(-)-cystino or df-cystine, suspended in 240 cc. of water 
and an additional 120 cc. of water at the end of the 1st and also at the end 



Fio. 1. Urinary output of cystine of fasting subjects after administration of 0.01 m 
( 2.4 gm.) of I- and di-cystine. The solid line indicates e.xcrction after ingestion of the 
dl-form; the broken line after ingestion of the i variety; and the dotted line normal 
excretion. 

of the 2nd hour in order to maintain uniform urine flow for the period of the 
experiment. The urine which was collected for the 2 hour period prior to 
administration of cystine is designated 'as "urine collected at 0 hours” in 
Table I. Urine was then collected at 0, 1, 2, and 3 hours and in some 

instances at 1 hour intervals thereafter to the 6th or 8th hour. The speci- 
mens were analyzed immediately for total N by micro-Kjeldahl (4), for 
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cystine by the Sullivan and Hess procedure (6), for methionine by the ti- 
trimetrio method described by us (7), for total and inorganic sulfate sulfur 
by gravimetric techniques (8), and for indican by the Sharlit method (9). ^ 
From the representative data on the urinary cystine excretion sho%vn in 
Fig. 1, it is observed that, whereas the ingestion of 1-cystine does not residt 
in a greater output of this amino acid than when no cystine is given, the 

Table I 

Urinary Oulpul of Nitrogen and Sulfur Compounds after Ingestion of S4 Gm. of l- 
and dl-Cysline by Normal Adult Human 


Subject A, male, 70 kilos. 


Fona fed 

rime after 
ingestion 

Urine 

volume 

Total N 

Total S 

nor^anic 

Cystine 

Methio- 

nine 

Indican 

l(— j-Cystine 


ec. 

280 

300 

200 

225 

170 

110 

105 

95 

mg. 

521 

417 

326 

540 

640 

325 

320 

352 

mg. 

36.9 

34.2 

36.8 

53.5 

66.5 
48.1 

44.5 
49.7 

mg. 

25.2 

18.3 
17.7 

38.4 

42.0 
35.6 

34.0 

37.0 

mg. 

6.4 

6.3 
4.2 

6.4 

5.7 
4.0 
4.0 

4.8 


mg. 

1.52 

1.09 

0.82 

1.33 

1.39 

1.20 

1.18 

1.36 

Total 

1485 

3441 

370.2 

248.2 

41.8 

294 

9.89 

dPCystine 




45.6 

24.8 

27.3 

78.5 

62.7 

79.5 

66.9 

50.3 

12.7 

12.4 

17.4 

37.2 

39.2 

49.8 
41.6 

33.2 

7.7 

10.0 

19.4 

36.1 
34.8 

46.1 
32.6 

10.1 

41 

35 

24 

24 

33 

53 

32 

41 


Total 

1450 

3501 

435.6 

243. S 

j 196.8 

283 

j 10.61 


feeding of the dl variety causes a marked cystinuria. These cun es 
remarkable parallelism in all subjects. _ . , , 

Examination of the complete data (Table I) of a ^pica 
ther reveals that, although the urinary output of indican, me ^ 

inorganic S for the 6 hour period following the ingestion of - ’ ^ 

fails to reflect any significant differences, the increase 
and total S observed after the administration of the racema 
poor utilization of the d form. It is of particular ° r ^-stine 

feeding of racemic cystine resulted in the excretion o 
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and 65.4 mg. of total S in e.\cess of that found after the feeding of an equal 
amount of f-cj-stine. Since the excess of total S is stoichiometrically 
equivalent to 247 mg. of cystine, it is obvious that the 92 mg. difference 
between this value and the e.\cess cj'stine found (155 mg.) must represent 
sulfur (24.6 mg.) in a form other than cystine, methionine, indican, or in- 
organic sulfate sulfur. Our attempts to isolate and establish the chemical 
identity of this sulfur fraction have not been successful. 

From the results of tlus and other experiments it appears that in 6 to 8 
hours following the ingestion of 1.2 gm. of d-c}'stine, present in 2.4 gm. of 
the racemate, an excess of 120 to 180 mg. of C3'stine are excreted, which sug- 
gests the non-utilization of 10 to 15 per cent of the d isomer. The con- 
comitant excess of total S found maj- represent a loss of an additional 10 
per cent of the d-amino acid, but this cannot be definitely considered to be 
the case until the chemical nature of this S moiety has been established. 

Comment 

It has been found that within 6 to 8 hours following the administration of 
2.4 gm. of d/-cj'stine the characteristic urinarj^ excretion pattern of the 
various S metabolites resulting from the presence of d-cystine shifts to that 
■ V ed after an equal lapse of time of the ingestion of 2.4 gm. of 1-cj’stine. 
j Wsmuch as only 10 to 15 per cent of the d-ej'stine is recovered in the urine 
« excess in this inters’al, questions naturalty arise as to the metabolic fate 
of the remaining 85 to 90 per cent of the d-cystine. Of this portion, it is 
possible that an additional 10 per cent may be lost as extra total S. Since 
the remainder of the d-ej'stine docs not appear to j’ield an excess of inorganic 
sulfate S, metliionine, or indican, it must be concluded that its metabolic 
fate in the human is similar to that of the I fraction. This would suggest, 
therefore, that unlike the result in the rat (4) some utilization of d-ej'stine 
occurs in man. The practical implication of this interpretation of our 
findings in human nutritional studies is, then, that some 25 per cent of the 
unnatural cystine which maj' be present in the acid digests of proteins now 
offered for parenteral use would escape utilization in the human. This loss, 
however, does not appear to be of such magnitude as to affect seriously the 
biological value of these preparations. 

Our studies on the human metabolism of tlie d-amino acids to date have 
shown that d-tryptophane is utilized poorly or not at all, that d-ej'stine and 
d-phenjdalanine are partially utilized, and tliat d-methionine is utilized as 
readily as the I form. A consideration of these observations leads us to 
believe that, except in instances of the formation of unphj'siological pro- 
ducts, c.g., d-tryptophane, the utilization of the d-amino acids is one 
of de^ee rather than an all or none process. In other words, 
ability of these substances is a function of two competing processes, (a) e 
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rate at which the organism can convert the unnatural into the natural 
variety and (6) the speed with which the respective d-amino acids are ex- 
creted by the kidney. 

These investigations on the human utilization of the d forms of the ammo 
acids are being continued and experiments with other amino acids will be 
reported in the near future. 


SUMMARY 

A eomparison of the excretion data on the S metabolites following the 
administration of equal amounts of I- and dl-cystine suggests that some 
utilization of d-cystine occurs in the human. 
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The reaction of chromotropic acid with formaldehyde was discovered by 
qualitatively. It was applied to msual pho- 
^ ^ Logan (2), who found it to be sufficiently accurate for 

nnf Examination of their data indicates that transmittance was 

the ^ ^ concentration of formaldehyde according to Beer’s law. In 
Bert c^iuctions follow Beer’s law when measured in a 

Cnip prism spectrophotometer, though not when measured in a 

spectrophotometer. However, the data obtained by 
been f are reproducible with 1 per cent error and have 

Root ^ ^ uieans of a chart to those obtained by means of the 

amonp chromotropic acid reaction with formaldehyde 

extend substances, shown by Eegriwe (1), has been confirmed and 
chrom acetaldehyde, and formic acid do not react with 

ivith th formaldeh 3 'de does, nor do thej' interfere 

lO'l ^ ®®^™s.tion of formaldehj’de when present in the proportion of 
shows^ possibly more. The extinction curve, in the case of formaldehj’de, 
oaC'half 380,480, and 570 mp,the extinction at480 m;i being about 

is a ma •' iu the case of acetaldehj’de there 

Conceo about 400 my, and methanol and foimic acid do not react. 

S70 "'uve-length chosen for estimation of formaldehj’de was 

Th6 

laininef^^^^f Procedure consists essentially in mixing the solution con- 
onnaldehyde with chromotropic acid in sulfuric acid and in heating 


Corps. 

aieasurenient^b''p^°^'^°'^''^ reaction has been adapted to spcctroradiometric 
carried out ’ ^^icker and H. R. Johnson in an investigation which was 

®aauscrint ^™'*“®'U®°usly with the present work. Through their kindness, the 
ccduro arc available to the author, who finds that the details of the pro- 

^8 Same Th ^^^***'’ that the essential spectroradioraetric characteristics arc 
'"y Chem,\i *^*5 has been accepted for publication in Industrial and Engincer- 
Analytical Edition. 
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the solution in a boiling water bath for 30 minutes or longer. The con- 
centrations employed are 9 to 10 m sulfuric acid, 2 mg. of chromotropic 
acid per ml. of reaction solution, and formaIdeh3'de in concentrations from 
1.7 to 0.2 7 per ml. of reaction solution. 

Standardization of the chromotropic acid reaction can be accomplished 
conveniently bj' hydrolysis of known amounts of he.varaethjdenetetramine. 
4 to 6 mg. of the tetramine are weighed, and transferred to 3 to 5 ml. o! 
2 N sulfuric acid for hydrolj'sis in a reaction tube like that designed bj 
Hamilton and Van Slj'ke (3), or in a Thunberg tube. Hexamethylene- 
tetramine is easily purified bj' sublimation at pressures less than atmos- 
pheric and can be standardized by titration of ammonia evolved in acid 
hydrolysis according to the assay method of the United States Pliarraa- 
copoeia XII (4). The formaldehj'de evolved b3' acid h3’^drol3'sis in an 
air-tight tube can be recovered quantitatively. 

The conditions of the chromotropic acid are such as to cause h3’’drolysis 
of derivatives of formaldehyde that ma3' be expected to be formed when 
biological material is treated with formaldehyde in the preparation of 
vaccines and toxoids. However, the chromotropic acid reaction may be 
applied to biological mixtures, before and after a reaction with Vorlander’s 
reagent (5), l,3-cyclohexanedione-5,5-dimeth3d, and the estimate of free 
formaldehyde so obtained is reproducible with less than 2 per cent error. 

The reaction of Vorlander’s reagent with formaldehyde was studied, by 
moans of the cliromotropic acid reaction, with regard to pH and time of 
reaction. At pH 3.5, fiiat of Vorlander’s reagent in aqueous solution, the 
time required for complete reaction at 37® was 29 hours, but at pH 7 to 8 
the time required w'as 30 minutes. 

The chromotropic acid reaction and Vorlander’s reaction can be combined 


with little or no change in procedure. Meth3ienebis(1 ,3-cyclohe.xane- 
dione-5, 5-dimethyl), the product formed from formaldehyde and Vorlan- 
der’s reagent, is not h 3 'drol 3 'zed in 9 to 10 m sulfuric acid, and Vorlander’s 
reagent in amounts employed does not react with formaldehyde under the 
conditions of the chromotropic acid reaction. Furthermore, when Vor- 
lander’s reaction is carried out at pH 7 to 8, at 37°, for 30 minutes, the 
reaction is complete, without causing removal of formaldehyde from its 
labile compounds, though prolonged association of Vorlander’s reagent with 
so labile a derivative as that formed from arginine and [omialdebyde does, 
in accordance with the observations of Wadsworth and Pangbom (6), 


cause a transfer of formaIdeh 3 'de from arginine to that reagent, a proc&s 
which may be called "transrmthylcnalion." Yolk, allantoic fluid, c o 
rioallantoic membrane, and embr 3'0 from developing chicken eggs do no 
contribute cliromogenic material which will interfere with either the c iro 
molropic acid alone or with the chromotropic acid reaction applied atter 
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combination of free formaldehyde with Vorlander’s reagent. The short 
time required for each analysis, 30 minutes, makes possible analysis of 
twenty samples in 4 hours, if the time required for preliminary preparation 

of the samples is counted. _ u v j j 

The specificity of the chromotropic acid reaction with formaldehyde 
the specificity of the ninhydrin reaction with a-amino acids shown by 
Van Slyke, Dillon, MacFadyen, and Hamilton (7) make possible a specific 
method for determination of glycine. In agreement with Abderhalden 
(8), we have found that ninhydrin reacts with glycine to evolve foim^de- 
hyde. No other amino acid has been found to react with ninhydrm in 
this way. When the ninhydrin reaction is carried out at pH 1, the yield 
of formaldehyde measured by a 150 minute chromotropic acid reaction is a 
maximum and is 96 per cent of the amount which would represent comp e e 
conversion from glycine to formaldehyde. 

Apparatus — i 

1. Water hath. The bath should be deep enough to insure that only tne 

lips of the reaction tubes project above the cover. The cover ore o 
permit insertion of the tubes into the bath, but it and the bat ou e so 
designed as to prevent illumination of the solutions durmg t e reac ion. 
Uneven illumination causes irregularity in discoloration of t ® ^ 

2. Glass reaction vessels. The size of the vessel will depend on the reaction 
volume. The following vessels have been found to be satisfactory: toi 
50 ml., 200 X 25 ram. tubes^ marked to contain 50 ml.; for 25 ml., tn 
Polin tubes" used for blood sugar analysis; for 10 ml., any test tu e w 

has been calibrated and marked to contain 10 ml. * v, 

3. Spectroradiometer.^ We have used the Beckman quartz spectropho- 
tometer and the Coleman clinical spectrophotometer, “ model 

4. Cuvettes. Cuvettes of 1 cm. square cross-section were used in the 

Beckman instrument. Cylindrical cuvettes rvere used in the o eman 
instrument. The cuvettes were standardized by selecting those o sOha 
inner diameter and then by determining that position of the cuvette 
instrument that permitted reproducibility of transmittance to ^ 
0.25 per cent. The inner diameter of a cylindrical cuvette, at a posi lo 
opposite to the aperture for transmission of light from the i rac ion 
grating to the cuvette, can be determmed precisely enough rom e re 
lationship, d ~ V4V' wh, where h is the height, in cm., between U omar 

made on the cuvette to correspond to the instrument aperture, 
volume, in ml., between the two marks; and d is the inner diameter, in cm. 

’ Equipment listed in the Medical Supply Catalogue, Army Service Fo 

States Army. u \ /i fQ’) 

* The term “spectroradiometry'* is us>ed in the sense proposed y 
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Reagents — 

1 . Chromotropic acid {2 , 7-naphthalenedisulfonic acid-4 , 5-dihydroxy) . We 
have used the practical grade manufactured by the Eastman Kodak 
Company and sold under the name l,8-dihydroxynaphthalene-3,6-di- 
sulfonic acid, without further purification. 

2. Approximately 12.6 it sulfuric acid (sp. gr. 1.66). Prepared by 
mixing 2 volumes of concentrated sulfuric acid vdth 1 volume of water. 

3. Chromotropic acid-sidfuric acid reagent solution. Prepared by dis- 
solving 1 gm. of chromotropic acid in 100 ml. of water, filtering to remove 
insoluble sulfones, and adding 12.5 m sulfuric acid in the amount needed to 
make a total volume of 500 ml. The reagent solution is kept in stoppered 
bottles, protected from illumination. l^Tien freshly prepared, the reagent 
shows a per cent transmittance greater than 91 at a wave-length of 570 m^i. 
The concentration of sulfuric acid in the reagent solution should be 9.5 to 
10 M, as determined by dilution and subsequent acidimetric titration or by 
specific gravity measurements (1.50 to 1.53). The ttiost important consid- 
eration of sidfuric acid concentration is that it should not be less than 9 it 
when the reagent solidion and the solution to be tested for HCHO are mixed and 
ready for the chramalrapie acid reaclion. The reagent is unusable when the 
per cent transmittance becomes reduced to 75, as it will on standing for a 
week or longer. 

4. Dimethyldihydroresorcinol (1 ,S-cyclohexanedionc-6 ,S-dimethyl). We 
have used the product manufactured by the Eastman Kodak Company. 

A solution containing 0.2 gm. in 100 ml. of water, or of buffer solution at pH 
7 to 8, is prepared anew at intervals of no longer than 1 week; as observed by 
Vorlander (5), solutions of this substance cause hydrolysis with evolution 
of HCHO, which then combines with unhydrolyzed reagent. 

5. Buffer solution at pH 7 to 8. Used for diluting either the material to 
be tested for HCHO or for preparing a solution of dimethyldihydrore- 
sorcinol; in either case, in order that Vorlander’s reaction be carried out at 
pH 7 to 8. We have used the citric acid-phosphate buffer mixtures of 
Mcllvaine (10). 

Procedure for Chromotropic Acid Reaclion 

A known volume of aqueous solution containing formaldehyde, in an 
amount which will not exceed 1.77 per ml. of HCHO-chromotropic-sulfuric 
acid reaction solution, is delivered into a reaction tube. Then enough 
chromotropic-sulfuric acid reagent solution is added to make a known 
reaction volume. The solution is mixed by means of a thin, footed stirring 
rod. As a control, an equal volume of a solution containing all reagents 
except foimaldehyde is tested in the same way. Restrictions mth regard 
to volume of the sample, concentration of formaldehyde in the sample, and 
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volume of HCHO-chromotropic-sulfuric acid reaction solution are in- 
dicated by the formula, (S X C)/R g 1.7, where S is the volume of 
sample to be tested, in ml. ; C is the concentration of HCHO m the sa^le, 
in terms of micrograms per ml. ; and R is the volume, in ml., of the HCHO- 
chromotropic-sulfuric acid reaction solution. The volume o aqueous 
solution taken for analysis, 5, must not exceed 0.1 of the volume of the 
reaction solution prepared from 10 m sulfuric acid reagent solution, > 
the concentration of sulfuric and chromotropic acids be diminished to a 
degree causing prolongation of the minimum reaction time. 

The reaction solutions and control solution are lowered into a water bath 
which has been brought to a vigorous boil. Strips of gauze or ot er ma 
terial are interposed between the tubes and the openings in the co\ ° 

prevent steam from leaving the bath near the mouths of the tu es. e 

tubes are not stoppered. Consequently, the foregoing precaution serves ^ 

prevent drip of condensed steam into the reaction solutions.^ ^ 

continued for 30 minutes or longer, and the level of the reaction solution 
should be lower than the level of water in the bath throughout t e oi ng 

When the reaction has been completed, the tubes are removed from the 
boiling ivater bath and cooled to room temperature.^ Under e pres 
conditions, the volume of reaction solution, which increases 
reaction, requires very little adjustment after the solution is cooled to room 
temperature; the decrease in volume caused by evaporation o wa er is ^ 
than 2 per cent of the volume of the reaction solution. ' , 

concentration of sulfuric acid in the reaction solution excee s m, 
will be absorbed from the air faster than it evaporates from e reac 


solution, particularly on humid days. 

Spectroradiometric measurement is made at a wave- en^ o . 
Temperature variations between 22-30° do not affect ® ^ 

significantly. If the reaction solutions are stoppered an 'ep m ’ 

no change will occur in the extinction due to specific a sor mg su 
for at least 3 days, though both the reaction solution an con ® , 

will become discolored. If the reaction solution is turbi > ^ ^ -niArptl 

some biological materials, it may be cleared by filtration t ® ^ 

glass. When the Coleman instrument is employed, ^ . ggH 

(adjustment of the galvanometer scale to zero when t e arrie , 
receives no light) must be made carefullj' before and, i 
a series of measurements. The control solution is used o se 


ometer scale to 100 per cent transmittance. , , . rmtcrial 

In the event that the concentration of formaldeby e in e 
is unknown, a sample is analyzed in the way descri e , u i ^.paction 
extinction is too great for spectroradiometric measuremen 
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solution and control solution are diluted with 9 to 10 M sulfuric acid until 
the extinction becomes measurable. The extent of dilution with acid so 
determined is the extent of dilution of the aqueous test material with water 
that will be required prior to precise estimation of the formaldehyde 
content. 

When cuvettes of 1 cm. square cross-section are used in the Beckman 
instrument, the concentration of formaldehyde in the reaction solution can 
be computed from the equation, Etna — Q.57C', where Em is the extinction 
observ^ed at a wave-length of 570 ma and has been corrected for the ex- 
tinction due to the control solution; C' is the concentration of HCHO re- 
acting with chromotropic acid, in terms of micrograms per ml. of reaction 
solution; and 0.57 is the extinction coefBcient. 

When C 3 ’lindrical cuvettes are used in the Coleman instrument, the 
concentration of formaldehyde, C', can be calculated from the relationship 
of (Em-^ d) in the Coleman instrument to Ena in the Beckman instrument, 
shown in Fig. 6, where Em has the significance indicated previously and d 
is the inner diameter of the cuvette, in cm. 

Procedure for Vorl&nder’s Reaelion 

2 ml. of solution containing formaldehyde, in amount not axceeding 150 
r, are mixed with 2 ml. of dimetliyldihydroiesorcinol solution. The solution 
is immediately wanned to 37° and is held at that temperature for 30 min- 
utes. 

For completion of this reaction in 30 minutes, the solution must be 
buffered at pH 7 to 8. The amounts of formaldehyde used in the prepara- 
tion of vaccines are usually such as to require dilution prior to the chromo- 
tropic acid reaction. In these cases, and in similar cases in which the 
amount of HCHO to be tested is knorni approximately, the material to be 
tested may be diluted with hlcllvaine’s buffer ( 0.2 m NajHPOj, 0,1 h 
citric acid), or presumably with other buffers, at the desired pH. Other- 
wise it is necessary to prepare '\’'orlfinder’s reagent in buffer instead of water. 
This alternative raises a point of caution. Increased solubility at pH 7.0 
makes possible a solution containing 1 gm. of dimethyldihydroresorcino! 
per 100 ml,, as compared with a saturated aqueous solution (pH 3.5) 
containing 0.45 gm. per 100 ml. (6). The concentration of Vorliinder’s 
reagent in solution with HCHO should not, however, exceed 0.2 per cent, 
or, twice that directed in the present procedure, because greater eoiicentra- 
tions accelerate transmethylenation and also reduce the extinction due 
to the reaction of formaldehyde with chromotropic acid. 

After 30 minutes at 37°. 2 ml. aliquots are taken for the chromotropic acid 
reaction, rrithout waiting for the Vorlander’s reaction solutions to coo o 
room temperature, and mixed with the chromotropic-sulfuric acid reagen 
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immediately. Vorlander’s reaction is stopped in 9 to 10 m sulfuric acid. 
There wll be many instances not demanding the careful attention to time 
directed in this procedure, but unless transmethylenation can be shown not 
to occur for a particular case the directions should be followed to avoid 
misleading interpretation of the results. 


Procedure for Biological Mixtures 

The present procedure was designed for ease of computation of the 
results. If the formaldehyde determinable by direct chromotropic acid 
reaction is denoted as d. , and that determinable after the Vorlander reaction 
as B, by the present procedure A and B will be comparable vith regar o 
dilution. The difference, A - B, can be taken directly to represent free 
formaldehyde. 

The concentration of free HCHO in the test material can then be com- 
puted from the equation, (F) = {A — B)/ 0.985D, where ® 

centration of free formaldehyde in the test material; A an , ? 

significance attributed to them in the previous paragraph, Z) is t e ex en 
of dilution of the test material prior to analysis A; and 0.985 is a ac or 
to correct for the fact that in the present procedure, with freshly preparefl 
solutions of Vorlander’s reagent, whether the reaction time is min 
utes or longer, Vorlander’s reagent reacts with 98.5 per cent o 
hyde. When aqueous solutions of dimethyldih 3 ’droresorcino aie s ore ^ 
room temperature, they will react with HCHO to yield a 
value than 0.985 for the ratio, (A - B)/A. We have not found that the 
factor changes in 1 week’s time of storage, but in 3 mont s e ac or 

found to be 0.96. , . , --nl 

The concentration of formaldehyde that has reacte "i 
material, designated as (R), can be computed from the . 

(P) = (R), where (F„) is the concentration of foimaldehyde in M g 
ical mixture at the time that the formaldehyde and biolo^ca 
were mixed together, and (F) has been determined bj ana 3 se.,, 
viously described. It should be noted that (R) need • 

pounds of formaldehyde with other substances, but instea ma 3 
ecid or methanol. 

experimental 
Chromotropic Acid Reaction 
Concentration of Sulfuric Acid — The effect of varied 
sulfuric acid on the rate of reaction of chromotropic aci vi scarce! v 

is shou-n in Fig. 1. The reaction in 3 m acid is so slow as t - 

noticeable in 30 minutes, but in 9 m or stronger acid it is a . 

minutes. The results shown in Fig. 1 were obtamed with a con 
of 2 mg. of chromotropic acid per ml. of reaction solution. 
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Another effect of varied acidity has to do vith blank analj-ses. Chro- 
motropic acid in sulfuric acid becomes discolored when heated, the more 
rapidlj’- the stronger the acid: the per cent transmittance at 570 m/i, after 
heating the reagent solution for 30 minutes in a boiling water bath, is about 
91 in 9 to 10 M acid, is not much changed in 11 si acid (88), but is 78 or less 
in 12 SI acid. Consequently the analytical results are more variable and the 
amount of HCHO that can be measured accurate^' is reduced svhen the 
reaction is carried out in sulfuric acid of concentration greater than 11 si. 

Aciditj' also affects the numerical value of the e.\tinction coefBcient. In 
concentrations of sulfuric acid greater than 8.5 si the a\-tinction coefficient 



Fig. 1. Relationship between extinction at 570 mii and the eoncentration of sul- 
furic acid. 

is constant, but as the concentration is lessened (as by dilution with water) 
the coefficient is at first increased and then decreased. As a result, dilution 
of chromotropic-sulfuric acid-HCHO reaction solutions by means of water 
can sdeld different e.\tinctions than dilution by means of sulfuric acid. 
Extinction is proportional to the concentration of reactmg HCHO in the 
case of dilution at constant acidit3', but differences as great as 10 to 15 
per cent can occur in the case of dilution by means of wafer. 

Concentration of Chromotropic Acid — The effect of varied concentration 
of cluromotropic acid is shown in Fig. 2. The concentration must be 1.5 mg. 
or more per ml. of reaction solution to make possible complete reaction 
with 1.7 7 of HCHO in 30 minutes. 
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Sveclmadiomeiric Charaderislics— The engineering cliaracteristics ol the 
spectroradiometers and cuvettes employed in the present expenments are 


shorn in Table I. . u 

The absorption curves obtained by the reaction of formaldehyde with 
chromotropic acid are shown in Fig. 3, for the Beckman instrument, and m 
Fig. 5 for the Coleman instrument. When the Beckman instrument is used, 
the extinctions at varied wave-lengths are proportional to concentration 
of HGHO reacting v,-ith chromotropic acid. It %vill be noticed ^ha 
minor peak at 480 mu is somewhat obscured when the Coleman mstrum 



Concenlralpon of Chromolrt^c Acid, 
milligrams per ml of 

HCHO- ChromolrofJc-SuHuric Reoclion Solution 


^10.2. Relationship between extinction at 570 mu and the hne, 

mtropicacid. Upper line, 1.6 r of ECHO per ml. of reaetmn solution, lover 1. 

.94 7 of HGHO per ml. of reaction solution. 


is used, presumably because of differences in engineering chan 

'^tS SsIJtion curves obtained by the reaction of 
formaldehyde are shown in Fig. 4, which also me u es •(, 

reaction of ninhydrin (indanetrione hydrate) with c r , 

regent. Comparison of Figs. 3 and 4 reveals the spemficitj J 

chromotropic-sulfuric acid absorption curve. ondentlv of the 

turf^l i, „„pl,c,tei by Oiidat™ of furfomi „»!, 

chtmotopic acid reaction. When these substances, ineludme 
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Rro Diixcd %vitli fornmlciGhydc in tho proportion of 10 il or Icss^ they do not 
intorfero with the ijunntitntivo estimation of formaldehyde as shovsTi in 
Fig. 5. 

The specificity of the chromotropic acid reaction with formaldehyde is 
shown in Table II, in which most of the substances tested and found not 
to i?5act with chromotropic acid are compiled from Eegriwe’s paper (1). 

The determination of the extinction coefficient, IC, at a wave-length of 


Table I 


Characteristics of Speclroradiomelcrs and Cuvettes Used in Present Work 


Group des' 
{goation, 
cuvettes 

Manufacturer and catalogue No. 

Inner 

diameter 

Wall 

thickness 

No. of 
cuvette 



em. 

cm. 


A 

Medical Department Supply Catalogue, 


0.061 

3 


Army Service Forces, United States 


0.062 

4 


Army, 1942; Item 17S06 

1.397 

0.060 

5 



■k)II 

0.058 

8 




0.064 

10 

B 

Coleman Electric Company, Inc.; No. 

1.638 


1 


6-304 

1.625 

0.114 

2 



1.631 

0.105 

8 



1.601 

0.112 

9 

C 

Hclligo Incorporated; No. 452-AB 

1.773 

0.117 

1 



1.760 

0.106 

2 



1.765 

0.112 

3 



1.769 

0.112 

4 



1.773 

0.117 

S 

D 

Notional Technical Laboratories; Corex 

1.001* 

0.140 

831* 



0.999 

0.140 

804 



1.000 

0.144 

828 



1.001 

0.145 

834 


Spcctroradlometer 

KesoluUon of light 

Slit width 

Nature of responding cell 

Beckman 

Quartz prism 

mu 

I- 2 1 

Special C-7032 

Coleman, clinical 

Diffraction grating 

30-35 I 

; Barrier layer 


•Manufacturer’s figures. 


570 mp was made in several ways. The following method was fmally 
adopted as being most convenient and precise. A weighed quantity of 
pure hexamethylenetetramine, 4 to 6 mg.,^ in a small tube, was placed in a 
Hamilton-Van Slyke reaction tube ((3) Fig. 1, A). Then 3 to 5 ml. of 2 N 
sulfuric acid were placed around the small tube, air was removed by suction, 


‘ Increasing the amount to SO mg. or more in 5 ml. of 2 n sulfuric acid delays y- 
drolysis, so that in 2 hours the extent of hydrolysis is 85, 81, and 77 per cent or , 
100, and 200 mg- of hexamethylenetetramine, respectively. 
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Wore - Length , mp 

a ‘1*° > 1 ^' curves for the reaction of formaldehyde with chromotropic 

) when the Beckman instrument was used. Numbers in parentheses refer to the 
concentration of formaldehyde, in terms of micrograms per ml. of HCHO-chrorao- 
wopic-sulfuric acid reaction solution. 



400 450 500 550 600 650 700 

Wave-Length, mp 

lied't f ■^^oorption curves for the reaction of chromotropic acid with substances al- 
Iheses when the Coleman instrument was used. Numbers in paren- 

•"1 of concentrations of substances tested, in terms of micrograms per 

cu stance-chromotropic-sulfuric acid reaction solution. 






Flo. 6. Quantitative estimation of formaldehyde in the presence of allied sub- 
stances. X is methanol, formic acid, acetaldehyde, or furfural tested separately. 
Ea is the extinction duo to X + HCHO; Et is the extinction due to X alone. Fecbo 
is the extinction calculated to be due to formaldehyde. Continuous lines are absorp- 
tion curves for formaldehyde in the absence of X. Dots arc absorption curves cal- 
culated from Ea — El,. 

Table II 


Substances Tested and Found Not to React with Chromolropic Acid 


Carbonyl compounds 

Miscellaneous 

Aldehydes 

Ketones 

Alcohols 

Acetal* 

Acetone 

Methanol* 

Propional 

Dimethyldihydroresor- 

Ethanol 

Butyral 

cinol* 

Glycerol 

Isobutyral 

Methylenebisfl, 3-cyclohex- 

Biological materials 

Isovaleral 

anedione-5, 5-dimethyl)* 

Chicken egg yolk 

Glyceral 

Acids 

Embryo 

Oenanthal 

Formic* 

Allantoic fluid 

Cro tonal 

Levulinic 

Chorioallantoic mom- 

Chloral hydrate 

Glycolic 

brane* 

Glyoxal 

Oxalic 

Shigella sonnei* 

Benzal 

Gallic 

Amino acids 

Oxybenzal 

Acetic 

Glycine* 

Vanillin 

Sugars 

Arginine* 

Salical 

Glucose 


Phthalal 

Fructose 


Isophthalal 

Mannose 


Tcrephthalal 

Lactose 


Cinnainal 

Galactose 


• Tc 3 l«d quantitatively in the present work. Most of the observations were m 


byEcgtVwe (1). 
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and the larger tube was made air-tight by a turn of its stopper. The 
sample was mked rath the acid by several inversions of the reaction tube, 
and then immersed in a boiling water bath for 2 hours to accomplish 
complete hydrolysis to ammonia and formaldehyde. At the end of the 
boiling period the solution was cooled to room temperature and quantita- 
tively transferred® to a volumetric flask, and diluted with water to knovra 
volume. 1 ml. aliquots of the diluted solution, called hydrolysate in 
Table III, were tested by the chromotropic acid procedure. The results 
obtained at varied times of hydrolysis are shown in Table III, which also 
includes results obtained from hydrolysis of paraformaldehyde. The 
computation of the extinction coefficient was made according to the general 
equation, K' = B/C'L, where K' is the extinction coefficient; E is the 
observed extinction at 570 mp; G' is the concentration of formaldehyde 
calculated to be reacting, in terms of micrograms per ml. of reaction 
solution; and L is the length of the path of radiant energy through the 
cuvette, in cm. The prime on K and C signifies that they do not refer to 
ffie concentration of specific substance absorbing radiant energy, which 
in this case is unknown. In turn, C' is equal to (W X /)/ (Ts X Fr), 
where IF is the weight of substance analyzed, in micrograms; / is the factor 
relating gm. of substance to gm. of formaldehyde evolved from it, and is 
equal to 1 and 1.285, in the cases of paraformaldehyde and hexamethylene- 
tetramine, respectively; conversely, /is 0.1027 in calculation of the amount 
of fonnaldehyde equhmlent to a given weight of methylenebis(l,3-cy- 
clohexanedione-5, 5-dimethyl); Vi, is the volume to which the sample W is 
diluted prior to the chromotropic acid reaction; and Vr is the volume of 
chromotropic acid reaction solution in which 1 ml, of the volume F» is 
analyzed, both volumes being given in terms of ml. 

Table III shows that the extinction coefficient, determined according to 
the procedure described in the foregoing paragraph, and by means of the 
Beckman instrument, varied from 0.563 to 0.577 at a wave-length of 570 mp. 
The average extinction coefficient was 0.568 in the case of paraformaldehyde 
and of hexamethylenetetramine. The paraformaldehyde was not tested 
for purity. Hexamethylenetetramine was purified fay three resublimations 
under reduced pressure, less than 40 mm, of Hg, and at temperatures from 
100-200°. It was assayed'accordmg to the United States Pharmacopoeia 
(4); the ammonia evolved by hydrolysis in sulfuric acid and after 
istilling off HCHO for 3 hours was deteimined by acidimetric titration 

the tube and solution have cooled, the pressure in the tube is less than at- 
n'o^herie. Nevertheless, without first admitting water through the side arm to 
■vs ore atmospheric pressure (a procedure which, almost filling the tube with liquid, 
^ cs transfer difficult), opening the vessel to air causes no loss of formaldehyde by 

^aponration. 
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to be 100.5 per cent of that amount expected from complete hydrolysis 
of pure hexamethjdenetetramine. 

Oxidation of Merck’s neutral reagent formaldehyde by iodine, according 
to the directions of Gumming, Hopper, and TfTieeler (II), with 20 mg. 
samples of HCHO, gave results wliich in conjunction -with simultaneous 
chromotropic acid analyses were equivalent to an extinction coefficient of 
0.573 ± 0.004. The same solution of formaldehyde, when analyzed gravi- 

Table 111 


Dclcrmination oj Extinction Coefficient at 670 Mpt, by Means of Hydrolysis of Para- 
formaldehyde and Hexamethylenetetramine 



Conditions of hydrolysis 

Volume of 
chromotropic 
reaction solu- 
tion containing 
I ml. of (ff) 

m 

Concentration 
of HChO in 
chromotfopic 
reaction solu- 
tion 

(C-) 

Extinc* 
tion, ob- 
sen'cd 
at 

570 nui 

(£) 

Extinc- 




Volume 

of hydro) 
ysalct 
(U) 

tion co- 
efficient 

EICDX 

Paraformaldehyde, 

mg. 

5.8S7 

min. 

30 

nl. 

100 

mt, 

50 

r P" rij. 

1.177 

0.649 

0.531 

C' == lOOOir/R/f 

4.937 

30 

100 

SO 

0.9S7 

0.539 

0.540 


S.2o7 

60 

100 

SO 

1.051 

0.597 

0.56S 


4.S27 

60 

100 

so 

0.9(55 

0.557 

0.577 


4.127 

CO 

100 

so 

0.S25 

0.470 

0.570 


5.625 

60 

100 

50 

1.125 

0.642 

0.571 


5.750 

60 

100 

so 

1.150 

0.64S 

0.563 


6,230 

ISO 

100 

SO 

1.246 

0.699 

O.Ml 


6.862 

ISO 

100 

50 

1.372 

0.772 

o.m 

Hexamethylene- 

6.924 

30 

250 

50 

0.712 

0.392 

0.551 

tctraminc, C 

7.459 

30 

250 

50 

0.767 

0.429 

0.360 

= 12SonVEff 

7.607 

60 

250 

50 

0.7S2 

0.429 

0.54S 


0.500 

60 

50 

10 

1.2S5 

0.730 

0.S6S 


0.500 

60 

50 

10 

1.2S5 

0.720 

0.563 


6.640 

120 

250 

50 

0.6S3 

0.3S4 

0.563 


6.850 

120 

250 

50 

0.704 

0.401 

0.569 


5.091 

180 

250 

50 

0.523 

0.297 

0.56S 


* In 3 to 5 ml. of 2 n sulfuric acid, 
t After dilution \\-ith wafer, 
t i = 1 cm. in the cuvettes used. 


metricall}' by means of Vorlander’s reaction, gave results equivalent to an e.x- 
tinction coefficient of 0.576 ± 0.006. However, the extinction coefficient 
calculated from the results of precipitation of HCHO as methsdenebts- 
(l,3-cyclohexanedione-5,5-dimetIiyI) was corrected for incompleteness of 
the Vorlander reaction under the present conditions; the Aveight found as 
multiplied by 1.02, to correct for a reaction only 98 per cent complete. 
The solubility of the bis compound under the present conditions o pre 
cipitetion was not determined. Application of a correction for soIubiUty 
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in the calculation of the extinction coefficient would reduce the value from 
0.576 to some lower value. Since the gravimetric determination of for- 
maldehyde by means of Vorlander’s reaction, as usually carried out, does 
not include testing the filtrate for HCHO, the present method is described 
as follows; 

20 ml. of solution containing 40 mg. of HCHO were mixed with 500 ml. of solution 
containing 2 gm. of diraethyldihydroresorcinol in 0.1 m KH.PO*. The pH was ad- 
justed from 4.1 to 4.7 by adding concentrated NaOH drop by drop. A eontrol solu- 
tion, in which water was substituted for formaldehyde, was prepared in the same way. 
Both solutions were placed in an oven at 37“ for 18 hours; the control solution showed 
no precipitate. The precipitate was washed with 0.001 m KHjPO* and dried over 
sulfuric acid in an evacuated desiccator for 3 days to constant weight.* The com- 
pleteness of Vorlander’s reaction was tested by chromotropic acid analysis of the 
filtrate from the precipitation mixture, and by analysis of the solution containing 
only Vorlander’s reagent. No HCHO was detectable in the control solution; the 
amount found in the filtrate was equivalent to 2 per cent of that submitted to the 
Vorlander reaction. Samples of the bis compound were tested in the chromotropic 
acid reaction; 10 mg. yielded no HCHO; 20 mg. yielded an amount not greater than 
0.7 7 of HCHO, or 0.004 per cent of an amount expected if the bis compound was 
completely hydrolyzed to evolve HCHO. The correction for incompleteness of 
Vorlfinder’s reaction would seem to be valid, since the bis compound is not hydrolyzed 
and Vorlander’s reagent does not yield formaldehyde under the experimental con- 
ditions tried. 

The determination of the e.xtinction coefficient by three different kinds 
of analytical procedures yielded numerical values in good agreement: 
Hydrolysis of hexamethylenetetramine gave 0.567 dz 0.004; iodine o.xidation 
of a solution apparently free from paraformaldehyde gave 0.573 ± 0.004; 
and gravimetric estimation by reaction with dimethyldihydroresorcinol 
gave 0.576 ± 0.006, for triplicate analyses. On the basis of these results, 
the extinction coefficient is taken to be 0.57, and this value is employed in 
all subsequent calculations in this paper. 

The proportionality of extinction to concentration of formaldehyde is 
shown in Fig. 6, for measurements made in the Beckman instrument. 
Proportionality did not obtain when the Coleman instrument was used, but 
the results are reproducible with less than 1 per cent error. 

The proportionalitj' of extinction to the inner diameter of the cylindrical 
cuvettes used in the Coleman instrument is shown in Table IV, in com- 

‘ Drying in an oven at 110°, as directed by Wadsworth and Pangborn (6), was also 
tried. In 2 hours, the time advocated, there was no apparent loss by decomposition 
(the e.\tinction coefficients were the same as in the case of drying at room tempera- 
ture). However, longer periods of drying caused loss of weight equivalent to 2 per 
eent per 2 hour period, and in 2 da^^s charring was obvious. Decomposition is not 
noticeable during the melting point determination; the melting point was 101“, and 
in good agreement with previously published figures, 184-192“. 
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parison with extinctions obtained by using cuvettes of 1 cm. square cross- 
section in the Becionan instrument. Cuvettes B, supplied with the 
Coleman instrument, gave results which were consistently about 2 per cent 
lower than those associated with the use of the other cuvettes, the difference 
being due presumably to differences in optical characteristics of the glass. 

The volume of the reaction solution was r'aried from 10 to 50 ml. without 
affecting the proportionalit5' of extinction to concentration of HCHO, when 
cither instrument was employed. Coleman instruments in three different 
laboratories, each calibrated by means of a didjonium filter, yielded results 
agreeing with less than 2 per cent error. 



Concentfotion of HCHO, 
mtcroQroms per mf. of 
HCHO*chromofrop*c-SUfuric Rcodton Solufion 

Fiq. 6. Relationship between c.xtinction at 670 and the concentration of form 
aldehyde. 


The results indicate that the chrowotwpic acid method is genera } 
applicable to spcctroradiometric instruments. For standai-dization o le 
reaction, preparation of calibration curves, determination of extinc ion 
coefficient, hj'drolysis of he.\ameth3'lenetetramine is preferred. 

Reaction of Formaldehyde with Dmethyldihydwresorcmol 

Rates of Rcaciion at Varied p/f-Study of the rates of reaction of form- 

aiaeh3'de with dimethyldibydroresorcinol ’ etric 

methyl). Vorliinder’s reagent, has usually been limited to gravimetnc 




D. A. MACFADYEN 


123 


estimations, and the pH has been variously considered. Vorlander (5) 
advocated adjusting the precipitation mixture to a pH corresponding to the 
end-point of methyl orange (pH 4.4), and showed that the formation of 
meth}denebis(l,3-cyclohexanedione-5», 5-dimethyl), also called formaldi- 


Tabce IV 

ProportionalilT/ of Extinction ot 570 Mfi to Inner Diameter of Cylindrical Cuvettes 


^feasurefflCDts in Coleman instniment 


Cuvettes A I 

Cuvettes B 

Cuvettes C 

Beckman 
instrument 
extinction 
at 570 nui; 
X = I cm. 

Cuvette 

No/ 

Extinc- 
tion at 
570 nvi 
(£') 

£74t 

Cuvette 

No/ 

Extinc- 
tion at 
570 iii#i 
(£0 

E'/it 

Cuvette 

No/ 

Extinc- 
tion at 
570 mu 

(E'l 

E7<!t 

3 


0.722 

1 

1.155 

0.705 

1 

1.270 

|iy Q 

Kilitl 

4 


0.722 

2 

1.155 

0.710 

3 

1.270 

Iw Si 

113 

8 


0.722 

8 

1.155 

0.708 

4 

1.270 

0.718 


10 


0.721 



0.708 

5 

1.260 

0.717 


Mean 

0.722 

B 


0.708 



0.718 

0.814 

3 

0.745 



0.854 


1 

0.930 


0.583 

4 

0.745 

0.532 

2 

0.854 

0.525 

3 

0.930 


Nil 

8 

0.745 

0.532 

8 

0.854 

0.524 

4 

0.930 


Mm 

10 

0.745, 





5 

0.925 

mm 

nn 

Mean 

0.533 



0.523 



0.526 

0.583 

3 



0.459 

0.328 

1 

0.527 

0.322 

1 

0.585 

0.330 

0.351 

4 

0.465 

0.332 

2 

0.527 

0.324 

3 

0.585 

0.331 

0.351 

S 

0.465 

0.332 

8 

0.527 

0.323 

4 

0.585 

0.331 

0.352 

10 

0.459 

0.331 




5 

0.585 

0.333 


Mean 

0.331 



0.323 



0.331 

0.351 

3 

0.1627 

0.116 

1 

0.1855 

0.113 

1 

0.2059 

0.116 

0.117 

4 

0.1627 

0.116 

2 

0.1855 

0.114 

3 

0.2059 

0.117 

0.116 

8 

0.1627 

0.116 

8 

0.1855 

0.114 

4 

0.2059 

0.116 

0.117 

10 

0.1619 

0.117 




5 

0.2059 

0.117 


Mean 

0.116 



0.114 



0.117 

0.117 


* See Table I. 

t d = inner diameter, from Table I. 


methone, proceeded more rapidly in neutral than in acid solution, the more 
rapid reaction requiring 20 to 30 minutes when the mixture was warmed. 
Wadsworth and Pangbom (6) advocated a pH of 4.4 to 5 for the reaction 
and precipitation, and obtained complete precipitation in 4 hours at room 
temperature. Van Slyke, Hiller, and MacFadyen (12) advocated a pH ol 
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S to 6 and an overnight reaction at room temperature. Boyd and Logan 
(2) state that dimedon precipitation is not complete in less than 48 to 72 
hours. The disagreement as to proper conditions for Vorlander’s reaction 
called for an investigation of the effect of pH, and one carried out hy using 
some method other than weighing the bis compound, which is susceptible to 
a marked influence of pH on solubility. 

The metliod employed to determine the quantitativeness of reaction of 
formaldehyde with Vorlandcr’s reagent was the present chromotropic acid 
reaction . In tests associated with standardization of the chromotropic acid 
reaction, it was found that the bis compound was not hydrolyzed, and 
Vorlander’s reagent yielded no formaldehyde, in the chromotropic acid 
reaction. To test whether dimethyldihydroresorcinol would react with 
formaldehyde under the conditions of the chromotropic acid reaction, a 
reaction solution was prepared by mixing, in order, 1 ml. of solution con- 
taining 75 y of HCHO, 24 ml. of the chromotropic-sulfuric acid reagent 
solution, 0.5 ml. of a solution containing 0.8 gm. of dimetliyldihydroresor- 
cinol in 100 ml. of buffer at pH 7.0, and enough chromotropic-sulfuric acid 
reagent solution to make a total volume of 50 ml. A control solutiaa was 
prepared in the same way, except that water was substituted for the solution 
of dimetliyldiiiydroresorcinol. Both solutions were heated in a boiling 
water bath for 30, 60, and 90 minutes, e,xtinctions at 570 ihp being de- 
termined between the heating periods. The extinctions were identical. 
The amount of dimethyldihydroresorcinol tested, 4 mg., will be shown to 
be adequate for complete reaction with 150 7 of HCHO . IVhen the amount 
was increased to 10 mg,, a reduction in ex-tinction amounting to 2 per cent 
was caused. These results made possible a direct application of the 
chromotropic acid reaction to precipitation mixtures containing formalde- 
hyde, Vorlander's reagent, and the bis compound. 

The rates of reaction of formaldehyde with dimethyldihydroresorcinol 
at varied pH and at 37° are shown in Table Y. The results were obtained 
by mixing 2 ml. of a solution containing 150 7 of HCHO in McIIvaine’s 
buffer at the pH indicated in Table V with 2 ml. of an aqueous solution 
containing 0.2 gm. of dimethyldihydroresorcinol per 100 ml., warming to 
37°, and placing the mixture in an oven at 37° for a known time interval. 
Then a 2 ml. aliquot was tested by means of the chromotropic acid reaction. 
The results shown at zero time were obtained in the way described in the 
preceding paragraph, the extinctions observed after direct reaction of^e 
HCHO solution with chromotropic acid being taken as 100 per cent. The 
pH values were determined electrometrically by means of a glass electrode; 
the only solution affected by HCHO was that designed to be pH . an 

found to be 7.7. . , tt • „ .•« LnW- 

The times required for complete reaction at vsned pH are give 
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faced type in Table V. If one assumes that the differences in directions as to 
time and pH previously published were due to differences in pH only, the 
results in Table V confirm the pre\dous results, allowances being made for 
differences in temperature. The incompleteness of the reaction, 98.5 per 
cent, cannot be attributed to inadequate excess of Vorlander’s reagent. In 
these tests the ratio of Vorlander’s reagent to HCHO was 4000:150 j, or 
27:1. In tests associated with standardization of the chromotropic acid 
reaction, the ratio was 2000:40 mg., or 50:1, and yet the reaction nas 
found to be 98.0 per cent complete. Inspection of the Vorlander leaction 
solutions, which could contain not more than 1.5 mg of bis compound in 
4 ml., or 370 mg per liter, revealed that the maximum precipitation oc- 

Tabi/E V 

Bales of Reaction of Formaldehyde with Vorlander’s Reagent at S7° and Varied pH 
The values are given in per cent 

FormaWchjde determinable after Vorlinder’s reaction, m relation to that determined 
Reaction before Vorlindcr's reaction 

time 

pH 3 1 pH 3 5 pH 4 1 pH S 1 pH 6 1 | pH 7 0 j pH 7 7 

100 0 100 0 100 0 100 0 100 5 

100 0 100 0 100 0 100 0 100 0 

87 8 41 4 8 3 3 9 

77 5 26 8 4 6 2 5 

60 0 39 1 10 7 2 3 1.9 

3 6 1.4 15 

36 1 24 5 2 4 1 3 1 3 

19 0 14 0 1.6 1 5 1 5 

13 2 78 16 15 15 

9 0 3.2 1 5 1 6 1 4 

6 2 1.6 

* See the text for the analytical conditions The times required for complete 
reactions at varied pH are indicated by the values printed in bold-faced tj'pe 

curred at pH 5 1, and that a trace was precipitated at pH 7 7 For speed 
of reaction and for precision of samphng, pH 7 to 8 is preferable to more 
acid pH values in the present procedure for Vorlander’s reaction, the reac- 
tion at pH 7 to 8 is at an end in 30 minutes at 37°. 

'^fansmelhylmalion from Compounds of Formaldehyde to Vorlander s 
Reagent — The investigation of the reactions of formaldehyde with amino 
acids earned out by Wads^vo^th and Pangborn (6) revealed that arginine 
formed a compound which was most unstable in the presence of dimethyl- 
dihydroresorcinol. No matter how long the time taken for reaction of 
formaldehyde with arginine at pH 8 and 39°, samples taken for grax imetric 
estimation of free formaldehyde always and completely juelded to dimeth- 


100 0 101 0 
99 2 I 99 5 

3 2 1 2 9 

0.9 I 1.6 

18 1 2 1 

14 15 

1 3 i 13 

1 5 1 15 

1 5 I 14 

1 6 I 11 


hs 

0* 

0 21 

0 5 

1 
2 
4 
8 

12 

24 

29 
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yldilij'droresorcinol any HCHO combined ivitli arginine, in 3 days at 
39® and pH 4.4 to 5. The reaction of arginine with formaldehyde thus 
pro\ ided a means for testing transmethj^lenation under tlie present con- 
ditions of Vorlander's reaction. 

A solution was prepared to contain 2.40 mji of arginine and 5.0S him of 
fonnaldeh 3 'de in 300 ml. and buffered at pH 8. The solution was placed 
at 37® to be sampled from time to time. Prior to determining the amount 
of formaldehj'dc free in solution, each sample was diluted 1 : 10 with buffer. 


Table VI 

TTansrncthylc7iaiion lo Vortdndcr’s Reagent from Argininc-Formaldehydc Compound 


Conditions of VorUnder*$ 
reaction (V.r.) 

Formaldehyde 
measured spec- 
troradiometri- 
cally 

rormal- 
dehyde 
reacting 
in V.r 


Formal- 
dehyde 
bound to 
aTglmne, 
after V.r. 

(D - 
50.8 -/C) 

£t 


pH 

Tem- 

pera* 

lute 

Time 

NoVr 

U) 

After 

V,f. 

(B) 

(C = 
A~B) 



Arginino-HCHO re-action at pH 8, 

5 days, 3 

7° 



T. 


y 

y 

y 


y 

mole Per 
melt 

per cent 

8.0 

37 

Few min.J 

47.75 


27.65 

1.25, 

17.6 









1.15 






IS “ 

47.75 

■Mltll 

32.65 

18 ! 1^ 

17.21 





30 •' 

47,76 

14.75 

33.00 

HI 

17.31 


0 



Argininc-IICHO reaction at pH 8.0, 24 hrs.. 

37° 



37 


50.20 

3.25 

46.95 

1.015 

3.15 

M 

S2 


37 


50.20 

2.15 

48.05 

HUH 

2.03 


89 


26 


49.65 


39.60 


10.61 


39 


* Factor determined from HCHO left after Vorliinder’s reaction in the absence 


of arginine. 

t £ = (D X 300 X 10)/(1000 X 30 X 2.40); see the text. 

i Warmed to 37° over a free flame, and immediately sampled for the chromotropic 
acid reaction. 

Six different conditions for Vorlander’s reaction were investigated In 
three, the pH was kept constant at 8.0 and the temperature was 37 , but 
the time was varied from a few minutes to 30 minutes. The results are 
shown in the upper half of Table VI. With allowance for incompleteness of 
reaction at the different reaction times, there were two time intervals vhic 
were associated with the same estimation of HCHO bound to arginme, 
and 30 minutes. Therefore it is assumed that no significant transme 
enation is likelj^ to occur under the present conditions of Vorlan er s 
reaction, men the pH, temperature, and time of reaction were vanea, 
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transmethylenation did occur. These results are sho^ra in the lower half 
of Table VI. Formaldehyde bound to arginine decreased from 0.72 mole 
per mole to 0.13 when the reaction time was prolonged from 30 minutes to 
3 days. The decrease was to 0.08 mole per mole under conditions similar 
in every respect e.xcept that the pH was 5.0. Under the conditions ad- 
vocated by Wadsworth and Pangbom (6), 4 hours at room temperature at 
pH 4.4 to 5, the amount of HCHO bound to arginine was 0.44 instead of 
0.72 mole per mole. In the chromotropic acid reaction hydrolysis of the 
arginine-formaldehyde compound is very nearly complete, as shown by 
very little change in the amount of HCHO determinable by direct chromo- 
tropic acid reaction (no treatment with dimethyldihydroresorcinol). 

Hexamethylenetetramine is also affected by transmethylenation through 
the action of dimethyldihj^droresorcinol, but not significantly imder the 
present conditions, unless hydrolysis has begun prior to association with 
Vorlander’s reagent. Experiments were carried out in a manner similar to 
those on the arginine-formaldehyde compound, but the results are compli- 
cated by the fact that hexamethylenetetramine yields only 40 per cent of its 
available formaldehyde in the chromotropic acid reaction. The results are 
shown in Table VII, and reveal that about 2 per cent of formaldehyde in 
hexamethylenetetramine was transmethylenated to dimethyldihydro- 
resorcinol when the solutioil containing hexamethylenetetramine had been 
hydrolyzed to an extent of 6 per cent in 2 days at pH 7.0 and 26°; prolonging 
the Vorlander reaction time increased hydrolysis to an extent equivalent to 
22 per cent. Without hydrolysis, as in the freshly prepared solution, there 
Was no transmethylenation. These results are consistent wth the course 
of hydrolysis shown in the following equation, 

(CHO.K’, + HjO (CHjIsNj-NH-CHjOH + HCHO 

■'vhich would be expected to be accelerated by removal of HCHO through 
the action of dimethyldihydroresorcinol.’^ 

The incomplete jdeld of formaldehyde from hexamethylenetetramine 
hi the chromotropic acid reaction, 40 per cent in 30 ininutes, /O per ^cnt 
in 3 hours, is to be compared with a 92 per cent yield when hydrolj'sis is 
carried out in 9 to 10 m sulfuric acid, in the absence of chromotropic acid, 
tor 1 hour and is continued for 30 minutes in a chromotropic acid reaction 
to determine the amount of formaldehyde evolved. The jdeld of formal- 
lichyde is apparently not appreciabl3'’ affected by the concentration o 

’ Transmethylenation may aecount for the 99 per cent yield of methylencbis(l ,3- 
cyclohexanedione-5, 5-dimethyl) from the reaction of hexamethylenetetramine tu 
imethyldihydroresorcinol. loneacu and Georgescu (13) obtained this jie « en 
c reaction was carried out for 10 minutes in hot water. So complete a Jic m so 
^“ort a time would not be expected in the absence of dimethyldihydroresorcinol, as 

present results show. 
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sulfuric acid. Therefore, the low yield found in the chromotropic acid 
reaction must be attributed to the presence of chromotropic acid during 
the h 3 fdrolysis, and perhaps to a secondary reaction of chromotropic acid 
with he.vameth^denetetramine or amines evolved from it by hydrolj'sis, a 
secondarj' reaction that maj'' be similar to the general reaction of aryl- 
sulfonic acids with amines. 


Table VII 


Transmclhylcnalion lo VoH&nder's lieagenl Jrom Hexamcthylcrtelelramine 


Hexamcthyl* 
enetctramtne solution 

Time of 
Voflindcr’s 
reaction 
(V T.) at pH 
7,0 and 37* 

Formaldehyde 
teactins with 
chromotropic 
acid 

Free 

HCHO + 
HCHO 
involstd 
in trans- 
methyl* 
enatiem 

(C - 
A , 

1 

4^mount 
of free 
HCHO* 

(n- 
A - I02J\ 

Formaldehyde involied 
in transrnelhylenation 

Ko V.r, 
(A) 

Alter 

V.r. 

(B) 

Amount 

C-i)} 

Proportion 
of amount 
possible 
(/f - JOOF/ 
2S7)t 

06 Z 

1 


W 

y 

y 

y 

Y 

percent 

Immediately after ! 


1 






preparation 

30 min. 

( 102.3 

101 .s 

1 0.5 

0 

0.5 

0.2 

After 2 days at pH 


i 


1 


I 


7.0, 20°. . 

30 “ 

112.3 

89.3 

22.0 

16.5 

5.5 

2.2 




91.1 






3 days 

121.6 

32.4 

88. 6 

32.1 

56.5 : 

i 22.0 




33.7 





Theoretically 








possiblcf. . 


257.0 

0 

257.0 

257.8 




* Assuming that hydrolysis begins by evolution of pentnmethylcnetetramine and 
HCHO, and that the 5-carbon and 6-carbon compounds are hydrolyzed at the some 
rate in the chromotropic acid reaction; rfz., 40 per cent of HCHO in 30 minutes. If 
so, A = 0.4(257 — f ) + f , where F is the free HCHO evolved by hydrolysis other 
than in the chromotropic acid reaction. 

f 200 y of he.samcthylenetetramine tested; this amount can yield (200 X 6 X 30)/ 
140, or 257 y of formaldehyde, when completely hydrolyzed. 


Applications to Biological Mixtures 
Reaction of Formaldehyde roith Amino Acids — The combination of the 
chromotropic acid reaction and Vorlander’s reaction lends itself to precise 
estimation of formaldehyde reacting with amino acids. The sensitivity o 
the chromotropic acid reaction makes possible quantitative estimation o 
microgram quantities of formaldehj'de, quantities not easily detemme 

by grarnmetric estimation of methylenebis{l,3-cycIohexanedione- , - i 

methj’l). An example of this application is found in Table VII , 
nresents results obtained from the reaction of formaldehyde wit ar^nin 
S 37'“ and pH 8. The results are compared with those obtained by 
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Wadsworth and Pangbom (6) and are shown to agree well, except the 
24 hour results. This difference may be attributed to transmethylenation, 
showixin Table VI to occur under the conditions employed by IVadsworth 
and Pangbom (6). The present results indicate that arginine reacts wth 
fonnaldehyde to its fullest extent in 24 houra or possibly less time under the 

conditions tested. . 

Treatment of Components of Chicken Eggs with Formaldehyde in Prepara- 
tion of Vaccines — ^An example of the application of the present method to 
problems of toxoid and vaccine preparation is sho\vn in Table IX. These 
results* were obtained as follows : Allantoic fluid, chorioallantoic membrane, 
embryos, and yolks from a pool of chicken eggs after 13 days incubation 
were weighed, without preliminaiy drying, and mixed with formaldehj’de 


Table VIII 



Formaldehyde found 



Formaldehyde reacting with 
arginine 

Reaction 

time 

No 

Vorlinder’a 

After 

Vorldnder’s 

with arginine (2.40 mw) 

Present' results 
(E = i>/2.40) 

Wadsworth and 
Pangbom (6) 

(F)X 


M) 

(B) 

(C)* 

(Ot 



dayt 

0 

1 

v 

50.80 

47.75 

t 

1.85 

15.55 

at. 

3.33 

54.99 

mu 

0.11 

1.83 

mcle ptr mote 

0.05 

0.76 

tneU ptr mote 

0.07 

0.63 

0 74 

4 

5 

11 

47.75 

14.75 

51.93 

1.73 

0.72 

4. 

0.75 


• 2.40 mil of arginine mixed with 5.08 mM of in ow • Therefore 

tion was diluted 1 : 10 before the final reactions with chromotropic ac . > 

C = ((50.80 - (A - 5)1.015) X 300 X 10)/1000 mg. 
t D = C/30.03. 

145.0 — (free HC HO) ^ <0-^ 

t Calculated from ((6) Table I) by 3o"o3 14.0' 


in the proportion of 1 gm. to 7.51 mg. Prior to weighmg, le c • 
ground in a Waring blendor, and the yolks were shaken uu g , . 
The mixtures were diluted wth 5 volumes of Mcllvmme s u “ 

at pH 7 0; one portion of each mixture ^Is forchromo- 

a second portion was placed in an oven at o/ . as At 

genic material, similar mixtures were prepared without forma ^ 
known time intertmls, 1 ml. aliquots were diluted to 10 ml. v 

• These components of chicken eggs were provided through the kin d^ Dh-ision 

H. Plots, Medical Corps, and Captain H. Hamilton, Sanitary Corps, of 

of Virus and Rickettsial Diseases, Army Medical School. 
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pH 7,0. Then 1 ml. of the diluted mixtures was analyzed directly by the 
ehromotropic acid reaction. 2 ml. of the diluted mixtures were mixed \vith 
2 ml. of 0.2 per cent dimethyldihydroresorcinol solution, and Vorlander’s 
reaction was carried out as described under the procedure. More precise 
results M'ould have been obtained had not the biological considerations 
governed the choice of formaldehyde concentration, a 0.5 per cent “forma- 
lin” vaccine preparation; at least two-thirds of the added formaldehyde 
remained free even after 5 days at 37°, and this obscured the estimation of 
formaldehyde that had reacted with the biological material. It may be 
added that simple solutions of formaldehyde buffered at pH 7.0 and held 
at 37° were unchanged throughout these experiments. 

Reactions of Formaldehyde udih Microorganisms — For this purpose, a 


Table IX 

Estimation of Amounts of F ormaldchydc Reacting with i Gm. Quantities of Components 
of Chicken Eggs (Not Dried) 


Component of chicken egg 
(13 days meubation) 

Temperature 
of reaction 
with for* 

Amount of formaldehyde 
reacting with component 

Control for 
chromopenic 
znatenaU 

maldehyde 

24 hrs. 

44 hrs. 

120 hrs. 


•c. 

mr. ftr t”!.’ 

mf. ftr gm* 

mg.fcr gm.* 

mg. ‘‘BCBO'' 
per gm. 

Allantoic fluid 

10 

BSl 


0.12 






0.15 


Chorioallantoic membrane . . 



0.15 




37 

0.29 

0.47 

0.56 

0.013 


10 

0.47 

0.30 

0.64 



37 


0.84 



Yolk 

10 

1.44 

1.17 

1.27 



37 

2.45 

2.25 

2.92 

-0.004 


* 7.51 mg. of formaldehydexvere added per gm. of component. 


suspension of Shigella sonnei was chosen, and the amount of formaldehyde 
added was purposely kept do^vn below the maximum required for reaction 
with the microorganisms. 1 ml. of a suspension in 0.9 per cent NaCP 
(equivalent to about 6 mg. of nitrogen and to about 140 billion organisms) 
was mixed with 1 ml. of a solution containing 400 y of HCHO per ml. of 
0.9 per cent NaCl. After 24 hours at 37°, 3 ml. of water were added to each 
of one pair of solutions, and 3 ml. of 0.2 per cent Vorliinder's reagent in 
buffer at pH 7.0 were added to each of a second pair of similar solutions. 
1 ml. of each of the diluted suspensions was analyzed according to the 
present procedures. (Despite the cloudiness of the suspensions, very 

« Captnin C. V. Scastone, Medical Corps, of the Division of Bacteriology, Army 
Medical School, was kind enough to provide the suspension of Shigella sonnet. 
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little error was caused in the spectroradiometric determinations by failure 
to filter through sintered glass; the difference in extinction so caused uas 
0.003.) Out of 400 y of HCHO mixed with the microorganisms, 17.9 were 
determinable by the direct chromotropic acid reaction, A, and 19.8 were 
determinable by the chromotropic acid reaction applied after Vorlander s 
reaction, B. The difference, A ~ B, was —1.9 y, or 0.5 per cent of the 
starting amount. Therefore, it is concluded that no formaldehyde ^^as free 
in the suspension. The small difference, A ~ B, also indicates that trans- 
methylenation is not a factor in this instance. Furthermore, there was no 
change iaA-B when Vorlander’s reaction time was prolonged from 30 
minutes to 24 houre. The 18 to 20 y of HCHO determinable after 24 
hours reaction with the microorganisms can be attributed to hydrolysis o 
compounds formed by their reaction with HCHO. Prolonging the 
of the chromotropic acid reaction from 30 to 90 minutes increased the yie 
of HCHO from 4.5 to 5 per cent to 11 to 12 per cent of a possible 400 y. 
Therefore, some of the formaldehyde was actually combined wit ^ t e 
microorganisms. In view' of the results obtained from ® 

hexamethylenetetramine, a better estimate of the amount of HC^ ^ oun 
to the organisms would be obtained by carrying out the hydrolysis m i u 
acid in a Hamilton-Van Slyke reaction tube (3), and then detemrmmg e 
evolved formaldehyde by means of the chromotropic acid reaction. 

Assai/ of Vaccines, and Toxicological Applications The presen pro 
cedures are readily adaptable to assays of vaccines. Four conmercia 
preparations were analyzed in duplicate with the following results. 1 ypnus 
vaccine A, 130.5, 131.6; typhus vaccine B, 134.0, 134.7; tetanus toroid ^ 
384.8, 386.0; tetanus toxoid B, 578.4, 581.8 y of free HCHO per ml. of test 
solution. To obtain measurable extinctions at 570 ma, t e vaccines w 
diluted with an equal volume of water, and the toxoids w ere i u wi 
9 volumes of water prior to the chromotropic acid reaction. 

Determination of formaldehyde in tissues would seein to o ® , 

difficulties, because experiments on components of chic 'en eggs m i 
that tissue chromogens did not interfere with the chromo ropic aci 
action. Hemoglobin would interfere, but it and other pro . . 

removed by precipitation (tungstic acid) and the filtrates cm e 

directly by means of the present procedures. One source o , 

emphasized. When biological mixtures containing arge . 

sugars are submitted to tlie chromotropic acid reaction, i . 

9 to 10 M sulfuric acid causes the reaction solution to ta -e on ^ furfural 
The color is probably due to a combination of 

production, and possibly charring. Interference from us ® gf 

to an extinction at 570 mg equivalent to a foimalde y e c of 7 7 

96 y per ml. of milk, and equivalent to a formaldehyde conce 
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per ml. of blood plasma, when samples of milk and plasma were prepared to 
be free from protein. This source of error does not affect the quantitative 
recoverv’ of added formaldehyde, but it does affect the concentration of 
formaldehyde which can be determined accurately by direct application of 
the chromot ropic acid reaction. Thus, milk containing 1 mg. of HCHO per 
ml. can bfc analyzed with 10 per cent error by app^-ing the chromotropic 
acid reaction to a protein-free filtrate after dilution of 1 : 100, the e.xtinction 
at 570 mn corresponding to 10 y of HCHO and 1 t of the non-specific 
“HCHO.” The absorjition cun-e produced by this non-specific “HCHO” 
is unaffected by the present ^'orlander’s procedure, so that combination of 
the cliromotropic acid reaction with Vorlander’s reaction permits of ac- 
curate estimates of HCHO in milk in amounts less than 1 mg. per ml. 

Permanganate solutions neutralized b}' oxalic acid do not interfere with 
the chromotropic acid reaction. The oxidation of methanol to HCHO is 
being studied with a view to quantitative estimation of methanol by means 
of tlie present procedure. 

Determination of Glycine by ^fcans of Formaldehyde Evolved in Ninhydrin 
’jHcaclion — ^The specificity of the chromotropic acid reaction for formalde- 
hyde and the specificity of the ninhydrin reaction for amino acids shown by 
Van Slyke, Dillon, JIaePadyen, and Hamilton (7) combine to make possible 
a specific method for estimation of glycine, since glycine is the oi Jy amino 
acid evolving HCHO in reaction with ninliydrin. 

In tlie absence of other amino acids, glycine reacts with ninhydrin at 
pH 1 to evolve O.Sl mole of HCHO measurable in the present chromo- 
tropic acid procedure. Prolonging the chromotropic acid reaction time to 
150 minutes increases the 3 'ield to a maximum of 0,96 mole of HCHO. 
This observation marks the first time that quantitative evolution of HCHO 
from glj’cine b 3 ' the action of ninhydrin lias been demonstrated. The 
details and results will be presented in a later paper. 

SUMMAHV 

1. Eegriwe’s chromotropic acid reaction (1) has been adapted to spectro- 
radiometry’- The extinctions vary with the concentration of formaldehyde 
according to Beer’s law. 

2. The reaction is carried out in 9 to 10 m sulfuric acid b 3 ' heating for 30 
minutes in a boiling water batli, and is specific for formafdeh 3 'de. Amounte 
corresponding to 1.7 to 0.2 y per ml. of reaction solution can be estimated 
with 1 per cent error, by' spectroradiometric measurement at a wave-leng 

3 "Frcshlv resublimed hexamethy'lenetetramine was used to determine 
the extinction coefficient, and was found to be more convenient than con- 
ventional methods of standardization. 


D. A. MACFADYEN 


133 


4. Conditions for condensation of formaldehj'de with Vorlander’s (o) 
reagent were found which permitted complete reaction with formaldehyde, 
without at the same time causing transfer of ECHO from labile compounds 

to Vorlander’s reagent. ■ j + 1,0 

5. Free formaldehyde in biological mixtures was determined y 
.difference of ECHO determinable after Vorlander’s reaction from that 
determinable before Vorlander’s reaction. The biological mixtures in- 
cluded various components of chicken eggs, and suspensions of micro- 
organisms. Twenty analyses can be accomplished in 4 hours. 

6. The specific ninhydrin reaction of Van Slyke, Dillon, MacFadjen 
and Eamilton (7) can be combined with the chromotropic acid reaction for 
formaldehyde to provide a specific method for estimation of glycine. y 
cine yields 0.96 mole of ECEO in reaction vith ninhj rin a p 
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PEPTIDASE ACTIVITY OF LYMPH AND SERUM AFTER BURNS* 


By PAUL C. ZAMECNIK, MARY L. STEPHENSON, and OLIVER COPE 

(From the Medical Laboratories of the Collis P. Huntington Memorial Hospital, and 
the Surgical Research Laboratories of Harvard University at the Massachusetts General 

Hospital, Boston) 

(Received for publication, October 18, 1944) 

As early as 1914 Pfeiffer (1) observed an increase in the proteolytic 
activity of the serum of burn cases, which he interpreted as evidence that 
a toxin was produced at the site of the burn. In a more recent study on 
experimental bums, Leach, Peters, and Rossiter (2) called attention to the 
zone of damaged cells which surrounds the severely burned area as a possi- 
ble site of origin of toxins. As these authors suggest, in the region of 
incomplete cell destruction it is likely that certain cell enzymes are de- 
natured, while others are spared and may diffuse out of damaged cells, to 
the detriment or benefit of the animal as a whole. The present study was 
undertaken to investigate the possibility that proteolytic enzymes might 
be concerned in the post-burn process. 

In searching for hypothetical substances which might diffuse out of 
damaged cells, it seemed likely that the lymph draining the burned area 
would provide a more concentrated source of the substances in question 
than the blood stream as a whole. Recent experimentation (3, 4) has 
shown that changes in the content of nitrogenous compounds and in the 
electrophoretic patterns of Ijrmph and blood may occur in calves in response 
to bums. 

The presence of proteolytic enzymes in lymph has been previously men- 
tioned (5, 6), but little work on the nature of these enzjmes has been done. 
More detailed study of these enzjTnes has been made possible by rneans 
of the techniques worked out by Bergmann, Fruton, and coworkers (<, S), 

Materials and Methods 

The substrates carbobenzoxyglycyl-I-phenylalanine and carbobenzoxj 
f-glutamyl-Z-phenylalanine were obtained through the courtesj of Dr. 
Bergmann. For the other substrates used, the authors are indebted to 
Dr. M. S. Dunn and the Amino Acid Manufactures, Los Angeles, California. 

* This is Publication No. 600 of the Cancer Commission of Harvard 

The work described in this paper was done under a contract, recommcn c j 
Committee on Medical Kesearch, between the Office of Scientific Research ana uc- 
'’clopment and the Massachusetts General Hospital and Harvard Ijnucrsi 5 . 

Tart of this material was presented in abstract form at the , 1 t 
the American Society for Clinical Investigation. 
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The Grassmann-Heyde titration 'technique (9) was used in all the ex- 
periments. When the high concentration of protein in certain experiments 
interfered vdth the precision of the end-point determination in the 90 per 
cent alcoholic titration medium, the titration medium was subjected to 
centrifugation after addition of the alcohol, and an aliquot of clear super- 
natant solution was used for the titration. The pH of each experiment 
was checked by means of a glass electrode assembly. 

Lymph protein levels were determined refractometrically, and good 
agreement was obtained \vith micro-Kjeldahl determinations run in addi- 
tion on certain of the lymphs. The serum proteins were detennined 
axclusively by the micro-Kjeldahl method of Wagner (10). 

All dogs used in the experiments were anesthetized by means of sodium 
pentobarbital, 30 mg. per kilo, given intravenously. Rats were anes- 
thetized by means of sodium pentobarbital, 40 mg. per kilo, given intra- 
peritoneally. 

EXPERIMENTAL 

j A search for proteolytic enzymes was made in peripheral lymph of dogs 
before and after burning the foot and ankle. Heparin was used in the 
cannula to prevent clotting, and flow was maintained prior to the burning 
by gentle massage of the foot. Over a period of 3 to 4 hours, a collection of 
several ml. of lymph was obtained, representing the pre-burn sample. 
Follo'wing the bum, the rate of Ijunph flow from the burned area increased, 
and massage was no longer necessary. 5 to 10 ml. of lymph were readily 
collected during the next 1 to 2 hours, and were used as the post-bum 
sample. 

Collection of lymph was confined to a short post-bum time interval in 
order to avoid possible complicating effects due to multiplication of bacteria 
in the damaged area. Seitz filtration did not alter the enzymatic activity. 
The l 3 mph was preserved on carbon dioxide snow unless enzymatic studies 
were performed immediately. 

The presence of at least one enz 3 'me capable of splitting peptide sub- 
strates was detected in normal Ijunph from the dog leg. The activity of 
this enzyme in the lymph from the leg consistently rose folloTOng burning 
of the foot and ankle by immersion in water at 90° for 10 to 15 seconds. 

The possibility that increase in leucocytes in the post-bum lymph might 
account for this increase in enzymatic activity was first considered. There 
was no difference in the enzymatic activity, however, whether centrifuged 
or uncentrifuged lymph was used. The cell counts in lymph draining the 
burned area remained at low levels, even following the bum, as illustrate 

^""charaderislics of Enzyme— The following characteristics of the enzyme 
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responsible for splitting i-leucylglycylglycine have been found. It has a 
pH optimum at approximately 7.4, and does not require activation by 
reducing agents such as cysteine. Fig. 1 shows the relationship between 
pH and activity for the substrate Weucylglycylglycine. As is evident from 
the curve, the activity of the enzyme in different buffers at a given pH is 
approximately the same. A pH dependence curve run without the addi- 
tion of buffers, but mth adjustment of the pH to the appropriate point by 


Table I 

Cell Counts on Peripheral Lymph from Dog Legs before and after Burning Legs 


Dog No. 

White blood cells 

Red blood cells 

Pre-burn 

Post-burn 

Pre-bum | 

Post-bum 


£.mm. 

e.mm. 


e.nm. 

B99 

20 

80 


100 

BlOO 

100 

260 


240 



addition of acid or alkali, revealed a similar shape of curve and the same 
pH optimum. Since the activity of the enzyme in lymph, diab'zed for G 
^ys at 2.5° against changes of 1 per cent sodium chloride made up in glass 
•stilled water (although greatly reduced as a result of dialj’sis), is sti 
Pi^esent and is not increased by the addition of manganese, cobalt, or zinc 
^ ^ M concentrations, the enzyme differs from the leucylpeptidases 

Scribed by Berger and Johnson (11). 
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The substrates ifiileucinamide, Z-lcucylglycine, and di-alanylglycine are 
also split by lymph, the latter two at much slower rates than Meucylglycyl- 
glycinc. A rise in their activity in lymph likewise occurs follomng a bum. 
The question as to whether the same enzyme is responsible for hydrolyzing 
all four substrates has not been decided. Botli normal and post-bum 
lymph are unable to split the following substrates, either at pH 5 or 8, 
with or TOthout cysteine as an activator: carbobenzoxy-Heucylglycyl- 
glycinc, glycylglycine, benzoyl-Z-argininamide, carbobenzoxy-i-glutamyl- 
Z-phenylalanine, and carbobenzoxyglycyl-l-phenylalanine. In all cases the 
experiments were carried out at 40° for a 5 hour period, in the presence of 
toluene. 

Since the hydrolytic process for i-leucylglycylglycine follows first order 
reaction kinetics and the hydrolysis invariably stops before 100 per cent 
calculated splitting of one peptide bond, it is reasonable to conclude that 
only one peptide bond is split. In certain experiments a rise in K occurred 
during the enzymatic reaction. Following dialysis of this lymph against 
1 per cent sodium chloride the reaction usually followed first order reaction 


kinetics. Since Heucylglycinc is split by the enzyme, but glycylglycine is 
not, the hydrolysis probably occurs between the leucine and glycylglycine 
fractions of the molecule. Blocking of the terminal amino group of Meuoyl- 
glycylglycine by a carbobenzoxy radical results in complete loss of ability 
of the enzyme to hydrolyze this substrate carbobenzoxy-Meucylglycyl- 
glycine. Blocking of the terminal carboxyl group in the substrate dl- 
leucinamide does not interfere udth the actmty of the enzyme; hence one 
may rule out the possibility that the enzyme is a carboxypeptidase. An 
imidoendopeptidase which has recently been found in extracts ofintestinal 
mucosa by Smith and Bcrgmann (12) is also capable of hydrolyzing Meucyl- 
glycylglycine, Mcucylglycinc, and Mcucinamide. The actirit}' of this 
imidoendopeptidase toward carbobenzoxy-Z-leucylglycylglycine is not 
stated. The relative actirity of lymph toward the above three substrates, 
however, is unlike that of the imidoendopeptidase toward these same sub- 
strates. In summary, the specificity requirements of the enzymatic activ- 
ity in Ijmph best fit those of an aminoexopeptidase, but one cannot be 
certain that more tlian one enzyme ma}' not be responsible for splitting the 
substrates tested. An example of the reaction kinetics in the case of pre- 
burn and post-burn lymph on the same dog leg is given below in Tab e 
Change in Aclivily Following Bum— A series of twelve experimente per- 
formed on dog lymph before and after burning the leg showed a signi can 


rise in the activity of the peptidase following the burn. . , 

Table III summarizes the findings of these experiments. It is to “ ® 
that while the K, or activity of the enzyme per ml. con - 

catty increases folloudng the burn, the C. or activity of the f ^ J 

ol protein nitrogen in the lymph, remains relatively constant. 
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Table II 

Reaction Kinetics of Lymph, Dog B56 


Pre-burn* 


Elapsed time 

Per cent of 
substrate split 

ATXIO* 

min. 



75 

19 

1.2 

219 

42 

1.1 

279 

55 

1.2 

C 

1.0 X io-> 



Post-bumf 


Elapsed time 


miff. 

72 

102 

161 


Per cent of 
substrate split 


44 

58 

71 


EXKP 


3.5 

3-7 

3-4 


1.0 X 10-* 


ml enhet ‘ Composition of test solution, lymph 1 

Ivmnb 1 buffer 1 ml., toluene 0.01 ml. Concentrations in test solution, 

Per ml-. Meucylglycylglycine 0.05 M, borate 
solution ' x,C = K per mg. of protein nitrogen per ml. of test 

m) ^ oi^’ 8.05, ending 7.98; t = 40°. Composition of test solution, lymph 1 

lym'nh buffer 1 ml., toluene 0.01 ml. Concentrations in test solution, 

buffer 0 02 m nitrogen per ml., Meucylglycylglycine 0.05 m, borate 


Table III 

uiory of Data on Enzymatic Activity of Dog Lymph toward l-Leucylglycylglycine 


bympb sample 

BSS 

BSOLf 

B56R 
B57R 
B57L 
B73 
B74 
B75t 
B79 
B81 
B97I 
BlOO 


A X lOJ 

CX I0> 

Pre-burn 

Post-bum 

Pre-burn 

Post-bum 

2.8 

3.3 

1.3 

1 0.8 

1.3 

3.1 

1.0 


1.4 

3.5 

1.0 



4.8 

1.5 

1.6 

3.7 

5.8 

2.3 

1.9 


3.0 

2.5 

1.2 

3.3 

2.3 

2.5 

0.9 


2.3 

0.8 

1.0 


2.7 

1.1 


2.1 

1.8 

1.5 



1.4 

0.6 


j 0.7 

1.2 

0.9 

0.4 


t The L ° “emolysis in either pre-burn or post-burn samples of IjTnph, 

^ tefer to left leg and right leg in experiments in which both legs 

ymph dialyzed 20 hours against 1 per cent sodium chloride at 2.5°. 

th* enzymatic activity in the lymph from the leg area follow- 

® Urn parallels the rise in protein concentration of the lymph. 
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Since the rate of flow of lymph from the leg following the bum increases 
3 to 5 times, and since the enzymatic activity per ml. increases 2 to 4 times, 
the total enzymatic activity per unit time in the lymph from the burned 
area increases 6- to 20'fold. 

If the formulation recommended for statistical analysis of small series 
is used (13), in which S = and the standard error = {S)/{N), 

the probability that the above changes in K are due to chance is <0.01. 
TJiere is, then, greater than a 99 per cent probability that the change in K 
is a significant one. The change in C, however, is of doubtful significance 
statistically. 

The enzymatic activity toward Wcucylglycylglycine in lymph decays if 
the lymph is allowed to stand overnight at 2.5°, or if it is dialyzed for a 
prolonged period against 1 per cent sodium chloride. Care was always 
taken, therefore, to treat the pre-bum and post-bum samples from a single 
animal in precisely the same way. It was possible to keep lymph frozen 
on carbon dioxide snow for a period of 1 or 2 weeks with little loss of activity. 
Storage over a period of montlis, however, resulted in a considerable decay. 

Normal lymph obtained simultaneously from the two hind legs of the 
same dog has nppro.\imatcly the same level of activity in each leg no matter 
whether this activity is related to ml. of lymph or to mg. of protein nitrogen. 
The question arises as to whether the enzymatic activity toward i-leucyl- 
glycylglycine increases only in lymph from the burned area or whether there 
is a general increase in this enzymatic activity in lymph from other sources. 
In an effort to answer this question, the following avperiment was per- 
formed. 

Cannulas were introduced into the lymphatics in both hinci legs of a dog 
and lymph was collected. One leg was burned for 15 seconds by immersion 
in water at 90°. The enzymatic activity in the lymph from the burned 
area rose markedly following the bum and remained elevated over a period 
of hours, during which time two separate collections of lymph were made. 
Sample 1 consisting of the lymph collected up to 2 hours post-bura, and 
Sample 2 the 2 to 4 hour post-burn collection. The enzymatic activity in 
the lymph from the unbumed leg did not show the same degree of rise as 
it did in the burned leg, but a definite small increase in activity did occur. 


Table IV summarizes these results. 

In a single experiment, lymph was collected from the leg of an anes 
thetized dog following the release of a muscle-crushing press 
hours, according to the technique of Duncan and Blalock (14). e ra 
of flow of lymph following release of the press did not increase appreciably 
The enzymatic activity toward Heucylglycylglycine (both the A an ; 
did, however, increase 3- to 5-fold, indicating that direct traurna to 
and muscle can also evoke an increase in peptidase activity m 


lymph. 
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The peptidase activity in serum has been followed in two dogs, con- 
comitantly with study of the level in lymph. Table V shows the result 
of this study, which indicates that the /^lgo of serum is higher than the 
corresponding level in lymph, but that the.(7i,GG of these two body fluids 
is similar. 

Human Burns — search for proteolytic activity was made in bleb fluid 
from bums of nine humans and bleb fluid from one human case of frostbite. 
The substrates Weucylglycine, Z-leucylglycylglycine, dZ-alanylglycine, and 
1-leucmamide were split. The K for Z-leucylglycylglycine ranged from 1 X 
lO”* to 11 X 10~’, indicating an 11-fold difference in enzymatic activity 
from one burn bleb to another. 


Table IV 

Comparison of Bnzymalic Aclivily of Lymph from Two Hind Legs of Dog B97 before 
and after Burning One of These Legs 


1 

1 

X 'O’ 


Pre-burn ] 

Posl-burn, Sam- ' 
pie 1 

Post-burn, Sam- 
ple 2 

Burned . . 

0.4 ’ 

1.4 

mBam 

Unburned. | 

— 1 

0.2 * 

0.3 



pH 7.5; f 40°; dialyzed lymph, borate buffer 0.04 m; K values averages of three 
closely agreeing readings in each case. 


Table V 


Comparison of Enzymatic Activity in Lymph and Serum of Same Dogs 


D ‘v 

Dog No. 

1 Xtea X 10' 

j ClCG X I0> 

Pre-burn 

Post-burn ' 

[ Pre-bum 

[ Post-burn 

B56. Lymuh ^ 

1.4 

3.5 



Serum... 

3.5 

4.4 



BlOO. Lymnh 

0.7 

1.2 



' Serum. 

2.8 

1 2.8 

0.6 

■■ 


tilf Bums — ^Through the cooperation of Dr. Cecil K. Drinker and Dr. 
fittrude Perlmann, a comparison of the peptidase activity in calf sera was 
e before and after burning legs of anesthetized calves by complete 
^nmrsion of both hind legs in hot water according to the method described 
J lenn el al. (3). In sbe out of eight animals tested, the enzymatic 
® "ity of the serum had increased following the burn. Table VI sum- 
anzes these data. Statistical analysis of the data (13) reveals greater 
0 0^)**^ probability that they are not due to chance (0.05 > p > 

Bums ^Three anesthetized rats were also burned by immersion of 
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70 to SO per cent of the body in ^vater at 95® for 30 seconds, and a compari- 
son. of the peptidase actmties of serum before and after the bum was made 
immediately thereafter. In all three rats a small but definite increase in 
the post-bum enzymatic acthrity, both the I{t.Ga and C'lgg, occurred. 
The bums in the case of the calves and rats were more severe than those 
of the dogs, and were, therefore, theoretically more likel}' to bring out 
changes in the serum level of the enzyme following the bums. 

Peplidasc Activity oj Musde, Skin, and Subcutaneous Tissue — ^t\Tien dog 
muscle was ground and extracted with 2 volumes of 1 per cent sodium 
chloride, the supernatant solution following centrifugation had a Ci,og 10 

Table VI 


Emymalic Aclivily of Calf Sera and Lymph toward ULcucylglycylglyeine beforeand 

after Burning 



Call No. 

XX us 

CXIOJ 

Serum protein 

Pre-burn 

Post-burn 

Prt- 

bum 

Post- 

burn 

Pre* 

burn 

Post- 

bum 








tv 








ICO r»l. 

Serum 

27 

2.6 

4.5 


1.0 

m 

5.5 


35‘ 

3.2 

9.8 


2.0 

6.1 

6.1 


25 

6.1 

9.3 

1.4 

2.1 


5.5 


23* 

8.6 , 

7.4 

1.8 

1.3 


6.8 


20* 

5.1 

6.7 


1.4 


6.0 


29 

7.2 

10.8 

1.4 

2.1 


6.4 


24* 

7.0 

5.3 

1.3 

! 1.1 


6.0 


31* 

8.6 

13.8 

1.9 

3.3 

5.8 1 

5.3 

Lymph from 
burned leg 

2G'33 

(Pooled) 


3.7 

1.2 

1.2 

Lymph protein 

■ 

■ 


* The post-burn sera of these animals were hcmoIyEcd. 


to SO times that encountered in normal Ijunph. A similar extract of dog 
sldn and subcutaneous tissue was made. A mixture of these tissues was 
taken from the shaved abdomen of a dog, cut into small pieces, homogenized 
\vith 2 volumes of 1 per cent sodium chloride in a Waring blendor, an 
allowed to extract overnight at 2.5° after the addition of ^oluene. 
The supernatant fluid follouing centrifugation had a C »= 13 X 10~^, abou 
10 times that found in normal Ijunph or serum. 

Aclivily of Erythrocytes — The post-burn sera of certain calves (Table 
showed hemolysis, amounting to 0.1 gm. per cent hemoglobin or ess- 
Experiments were carried out, therefore, to determine whether hemo ys 
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of erj'throcj'tes could liberate an enzyme capable of hydrolyzing Z-leucyl- 
glycylgh'cine. Washed erythrocytes were hemolyzed by means of distilled 
’n ater and centrifuged. The supernatant solution u as found to have a (7lgg 
of 3 X 10"^, and contained 4.4 gm. per cent hemoglobin. Part of the 
increase in the post-burn Kj.co of hemolyzed serum must therefore be 
ascribed to the hemolysis. It should be emphasized, however, that an 
increase in post-burn enzymiatic activity w as also observed in sera w hich 
showed no hemolysis. Table VII indicates the Clog of lymph, serum, 
bleb fluid, muscle, muscle exudate, skin and subcutaneous tissue, and 
erj'throcytes The muscle exudate was obtained as described by Aub ei al. 
(15). 

DISCUSSION 

Muscle, skin and subcutaneous tissue, and erythrocytes can theoreticaUy 

Table VII 

Relative Enzymatic Activities to ward l-Lcucylglycylglycine 

Typt of fluid 

Lymph 
Serum 
Bleb fluid* 

Erythrocyte extract . 

Muscle exudate 

Skin and subcutaneous tissue extract 
Muscle extract 

* Obtained from a human burn; all other fluids listed are canine in origin. 

serve as sources of the peptidase activity found in lymph and serum. 

IS possible that the level of this enzymatic activity in lymph and serum 
may be an index of the rate of destruction of these tissues taking place m 
the body. 


0 6 - 2.5 
0 6 - 0.8 
0 3 - 2.5 
3 
5 
13 
21 


summary 

1 The presence of at least one peptidase, designated tentatn ^ “ 
aminoexopeptidase, has been found consistent!}’' in norma jmip o 

from the legs of anesthetized dogs An enzjmie wdth simi ar proper: ^ 
been found in serum and has been extracted from dog muse e, s 'in 
cutaneous tissue, and erythrocytes. otic 

2 Following a bum or trauma to a dog’s extremity, :s 
actinty rises abruptly in the lymiph draining the affecte 

calf and rat an increase in this enzymiatic actix'ity in serum as c - 
cen found following a bum. 
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3. In bleb fluid collected from human bums, an enzyme ivith similar 
characteristics has been found. 

The authors wish to express their indebtedness to Dr. John Graham for 
carrying out numerous surgical procedures, and to Dr. Joseph C. Aub for 
valuable suggestions and criticisms. 
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THE KESPONSE OF LACTOBACILLUS CASEI AND STREPTO- 
COCCUS FAECALIS.TO VITAMIN B. AND THYMINE* 

By KEATHA KRUEGER and W. H. PETERSON 

{From tho Department of Biochemistry, College of Agriculture, University of n^'sconsm, 

' * Madison) 

(Recoived for publication, December 19, 1944) 

In 1939 Snell and Peterson published an abstract (1), and in 1940 a 
complete paper (2) concerning the occurrence, concentration, and prop- 
erties of a growth factor required in the nutrition of Lacto aa us casei 
which they called the “norit eluate factor.” The following yeai u c mgs, 
Bohonos, and Peterson (3) published further details regar ® 
fication and chemical properties, and reported that it was require y sm 
eral lactic acid bacteria, including Streptococcus laclis R ( rep oco 
faecalis, American Type Culture Collection No. 8043). 

Stokstad (5) reporte’d the concentration from liver of an essential ™e 
for L. casd, and Mitchell, Snell, and Williams (6) described a very Patent 
concentrate from spinach, which they called “folic amd, * , ,, 

Streptococcus faecalis and also required for L. casei. Recen y, 
el al. (7-10) in a series of four papers have reported the concentratic^n p - 
cedure for “foUc acid” in detail, and have given information regar S 
chemical and physiological properties. Pfilfner et a . { h fnVfnr 

ported the isolation in crystalline form from liver of an an lanen i ^ 
for chicks, and identified it as being the same as Snell an e rson 

eluate factor.” They called this compound vitamin Be- nnd 

Stokstad (12) later isolated the stimulatory compound from j 
reported that, while the compounds from yeast and ^‘ver a , 

tencies for Lactobacillus casei, the compound from yeas a - liver, 
the activity for Streptococcus faecalis as had the , , r ^ ^n 

Keresztesy et al. (13) have reported another factor (S a ^ 

unstated source that is potent for S. faecalis and not or . c , ^ 

later paper Stokes et al. (14) state that the factor is changed y ' ^ 
to a form active for L. casei. Recently Hutchings, Stokstad, Bohonos, 
and Slobodkin (15) reported the isolation from an uns a 

* Published with the approval of the Director of the Wisconsin Alumni 
Experiment Station and supported in part by a grant from the U.sconsm 

Research Foundation. _ \ i . hown that Streptococcus 

' In three recent papers Niven and associates (4) m'® s conformity with 

loctis R is an enterococcus, specifically Streptococcus faeca i . faecalis 

^is conclusion, the organism will be designated in ^E'spapera „nrier the No. S043. 
The organism is carried in the American Type Culture Collection under 

145 



146 


BACTERlAli RESPONSE TO VITAMIN B, 


another crystalline compound which is active for L. ccisci and is also active 
for the nutrition of the chick. Tliey use the term “Laclohacillus casei 
factor” to designate their compound. It was 85 to 90 per cent as active 
as that from liver when assayed with L. casci, but only 6 per cent as active 
as the liver compound by 5. /accalfs assay. More recently, Binkley el al. 
(16) reported that crystalline compounds isolated from liver and from 
yeast have equal potencies for L. casei and S. faecalts. Their compound 
from yeast was from a concentrate of a conjugate which had no activity 
for either organism, but had full activity for both organisms after enzymatic 
digestion. 

Stokstad (5) found that for Lactobacillus casci he could partially re- 
place his concentrate by guanine or other purines, and thymine. Stokes 
(17, 18) recently reported complete replacement of “folic acid” by thymine 
for Streptococcus faccalis and partial replacement for L. casci. In this 
paper we wish to report the grow-th response of L. casci and Streptococcus 
faccalis to vitamin Be, prepared both from liver and from yeast, and to 
thymine ivith or without the presence of vitamin Be. 

EXPERIMENTAL 

Cultures and Jnocula — Lactobacillus casci, American Type Culture 
Collection No. 7469, and Streptococcus faccalis, American Type Culture 
Collection No. 8043, were used as test organisms. They were carried as 
stab cultures in a medium consisting of 0.5 per cent Difeo yeast extract, 
0.6 per cent sodium acetate, 1.0 per cent glucose, 2 per cent agar, and 
0.05 ml. of mineral Salt Solutions A and B per tube (Table I). 

The Lactobacillus casci inoculum was prepared by transferring from a 
stab culture to 10 ml. of liquid medium containing the same constituents, 
other than agar, as the stab medium. The culture wms incubated at 
37° for 24 hours. It was then centrifuged and the cells resuspended in 
10 ml. of sterile w'ater. 0.5 ml. of this suspension was transferred to an- 
other 10 ml. of sterile water. 1 drop of this second suspension was used 
to inoculate each tube in the assay series. 

The Streptococcus faccalis inoculum was prepared by transferring from 
a stab culture to the basal medium used in the assay plus 10 millimicro- 
grams of vitamin B^. The culture was incubated at 30° for 16 to 30 hours. 

It w'as then centrifuged and the cells resuspended in 10 ml. of sterile water. 

1 drop of this suspension was used to inoculate each tube in the assay 
series* 

Medio— Two different media w'ere used for Lactobacillus casci. The 
composition of the hydrolyzed casein medium is given in Table I. ^ 
hydrolyzed casein was prepared by hydrolysis of 50 gm. of Labco vitamm- 
free casein Mth 500 ml. of 12 n sulfuric acid for 24 hours in an autoclave 
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at 15 pounds pressure. The sulfate was removed by precipitation with 
640 gm. of Ba(0H)i-8H20 in 400 ml. of boiling water. The precipitate 
was washed mth 500 ml. of boiling water, filtered again, and the filtrates 
combined. The combined filtrates were adjusted to pH 3 with NaOH and 
the volume reduced to 1 liter by vacuum distillation. 5 gm. of norit A 
were then added, and the mixture stirred for | hour and filtered. The 
filtrate is designated as a 5 per cent solution of hydrolyzed casein. 

The second medium was identical except for the nitrogen source. The 
amino acid mixture (2 mg. of each amino acid per tube) proposed by 

Table I 

Hydrolyzed Casein Medium for Lactobacillus casei 

Sodium acetate, % 

Glucose, % 

Casein, acid-hydrolyzed, % 

1-Cystine, mg.% 

1-Tryptophane, mg. % 

Adenine sulfate, mg. % 

Guahine hydrochloride, mg. % 

Uracil, mg.% 

Xanthine, mg. % 

Riboflavin, mg. % 

Calcium pantothenate, mg. % 

Nicotinic acid, mg.% 

Pyridoxine hydrochloride, mg. % 

P-i^inobenzoic acid, mg. % 

Thiamine hydrochloride, mg. % 

Biotin, millimicrograms per tube 

Salt Solutions A and B,* ml. per tube 

Reaction of medium, pH 6.8 1 

* Salt Solution A, 25 gm. of KjHPO« and 25 gm. of KHjPOi in 250 ml. of HjO; Salt 
Solution B, 10 gm. of MgSO*-7HjO, 0.5 gm. of NaCl, 0.5 gm. of FeSO.-THjO, and 0.6 
Pn. of MnS04-4Hj0 in 250 ml. of H,0. 

Hutchings and Peterson (19) as satisfying the amino acid requirements of 
I^clobadllus casei was used instead of the hydrolyzed casein, cystine, and 

tryptophane. 

The' medium used for the assay wnth Streptococcus faecalis w’as that 
described by Mitchell and Snell (20). 

Standards — In all cases the standards were made up from the crystalline 
vitamin preparation No. 41813 from Parke, Davis and Company.’ 

he standard for Lactobacillus casei contained 0.2 millumcrogram per ml., 
t e standard for Streptococcus faecalis, 1.0 millimicrogram per ml. 

’We are greatly indebted to Dr. A. D. Emmett of Parke, Daws and Company 
Of the crystalline preparations of vitamin Be. 
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10 
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0.05 
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Proccdure—b ml. per tube of double strength medium were used. The 
standard and other variables or samples were added to the tubes and the 
final volume in each tube made up to 10 ml. -with distilled water. The 
tubes were plugged vlth cotton and autoclaved 15 minutes at 120°. After 
cooling, the tubes were inoculated with 1 drop of the appropriate inocula 
described above. 

The Laclobacilbis casei assay tubes of the hydrolyzed casein medium 
were incubated at 37° for 72 hours. Those containing the synthetic 
amino acid medium were incubated at 37° for 96 hours. 'Aiter incubation 
the contents of each tube were titrated to the phenol red end-point mth 
0.1 N NaOH. 


Table II 

Response of Lactobacillus casei to Crystalline Preparations of Vitamin Be from Liver 

and from Yeast* 



j 0.1 M NaOH per 10 ml. medium 

vitamin Be 

From yeast 

From liver 

per tube 

Preparation 41813 

j Preparation 38613 

Preparation 30003-A269A 


8 runs 

Average 

6 runs 

Average 

3 runs 

Average 

millimicron 

grams 


ml. 

ml. 

ml. 


nl. 

mSm 


1.0 

1.3- 1.8 

1.5 


1.7 


3.4- 3.9 

3.0 

3.1- 3.7 

3.4 

3.0- 3.3 

3.2 

0.3 

4.3- 4.8 

4.5 

4.3- 4.8 

4.4 

4.1- 4.5 

4.3 

0.4 

0.4- 0.8 

0.5 

0.0- 0.8 

0.5 

6.1- 6.4 

0.3 

0.5 

7.0- 7.9 

7.2 

i 7.1- 8.1 

7.3 

7.0- 7.5 

7.3 

O.G 

8.3- 8.8 

8.5 

8.0- 8.9 

8.8 

8.3- 8.7 

8.6 

0.8 

9.0-10.1 

9.4 

9.0-10.1 

9.3 

9.1-10.1 

9.3 

1.0 

9.3-10.1 

9.8 

9.2-10.1 

9.9 

9.1-10.1 

9.7 


* Amino acid medium, incubated at 37' for 96 hours. 


The Streptococcus faccalis assay tubes were incubated at 30° for 16 hours, 
at which time the turbidities were read in an Eveljm photoelectric color- 
imeter through a 660 ma filter. 

Potency of Vitamin Be Preparations — ^Two preparations of crystalline 
vitamin Be from yeast and one preparation from liver were furnished us 
by Parke, Davis and Company. Table II shows the range of titration 
values and the average value at the different levels of vitamin Be for 
Lactobacillus casei bn the amino acid medium. No difference in potency 
•between the preparation from liver and from yeast appeared, a resu 
that is in agreement with the previous report of Binkley et ol. (16). s, ^ 
III shows the range of Evelyn readings and the average reading at tne 
diSerent levels of vitamin Be for Streptococcus faecalis. Again, t ere wa 
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no difference in the potency of the preparations from yeast and from 
liver. This result does not agree with the report of Stokstad and asso- 
ciates (12), who found the yeast compound to be only one-half as active 
as the liver product. This disagreement may reside in some such difference 
as the type of yeast used, autolysis of the yeast, or action of yeast enzymes 
on precursors of the vitamin in processing the material. As already men- 
tioned, Binkley et al. (16) isolated a substance that was inactive for both 
Ladohacillus casei and Streptococcus faeailis until it had been treated nith 
enzymes. Unfortunately, neither Stokstad et al. (12) nor Binkley et al 
(16) give any information as to how their compounds were prepared. 


Table III 

Response of Streptococcus faecalis to Crystalline Preparations of Vitamin from 
Liver and from Yeast* 



Evelyn colorimeter readings 

^Vitamin 

From yeast | 

1 From liver 

«e P«r tube 

I Preparation 41813 | 

i Preparation 38613 

Preparation 30003-A269A 


8 runs 

! Average 

' 2 runs 

1 Average 

S runs j 

Average 





i 

i 







! 


0.0 

90-92 

91 

90-92 

91 

90-92 

91 

1.0 

84-87 

86 

86-88 

87 I 

84-88 

86 

1.5 

80-83 

81 


i 



2.0 

7^-79 j 

76 

76-80 

78 

74-79 

76 

3.0 

68-71 

69 

67-71 

69 

68-70 

69 

4.0 

65-70 1 

66 

65-70 

67 i 

65-70 

67 

S.O 

65-67 i 

66 

65-68 

66 

65-67 

66 


* Medium of Mitchell and Snell, incubated at 30° for 16 hours. 


The amount of vitamin Be needed to produce one-half maximum growth 
Was not the same on the two media used for Laciobacillvs casei (Fig. 1); 
with hydrolyzed casein medium it was 0.00042 y, a value which agrees 
fairly well with that reported by Luckey, Teply, an'd Elvehjem (21). On 
the synthetic amino acid meditim a lower value, 0.00035 y, was obtained. 

Effect of Thymine — The response of these two organisms to thjTnine 
was also investigated. Table IV gives a summary of these results, "ay- 
did not entirely replace vitamin Be in the nutrition of Lactobaallm 
Msei; 3 y per tyjjg ^ titration of 5.2 to 5.3 ml. of 0.1 n NaOH, but 
additional thymine did not alway's increase this titration and in some ca^ 
actually seemed to have an inhibitory effect on the acid production of the 

organism. 

However, thymine completely replaced mtamin Be in the nutrition 
of Streptococcus faecalis, as has previously been reported by Stokes (17, }• 
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per tube of thymine produced an equivalent response to 5 millimicro- 
grams per tube of vitamin Be. 

The effect of added tlijunine on the standard cun'-e was also noted, and 
is shoivn for Laclobacillus casci in Table V. It can be seen that the effect 


ni.MBOfiftr 

oararjii 



®(i os ej ' u) 0 ' (i2 ' M ■ (it Ems 

0)SSiSMUI)tS32U»sJ 


Fio. 1. Comparison of vitamin B, and Wilson’s liver fraction B ns standards for 
Lactobacillus casci. 


TABIiE IV 


Response of Lactobacillus casci and Streptococcus faecalis to Thymine 


Thymine per tube 

L, <asfi 

S./atMlis 

O.l N NaOn per 10 ml. medium 

Evelyn colorimeter readings 

Range of 3 runs 

Average 

Range of 4 runs 

Average 

y 

ml. 

rd. 



0 

1,2-1. 8 

1.5 

90-92 

91 

1 

2.0-3. 4 

2.7 

88-91 

89 

3 

5.2-5. 3 

5.2 

84-86 

85 

5 

5. 4-0.4 

6.9 

78-81 

79 

8 

5. 5-5. 9 

5.7 



10 

5.4-7.3 

0.9 

72-74 

73 

15 

i 5.8-0.0 

5.9 


1 

20 

4. 8-5.9 

5.3 

05-71 

68 

100 

5.8-C.9 

0.3 

63-05 

64 

200 

3. 0-7. 3 

4.9 




of the presence of only 1 7 of thjmiine in a sample would be enough to 
give completely erroneous results on the amount of vitamin Be reported 
to be present in the sample. 

The effect of thymine in a sample assayed with Slreplococcus faccam 
(Table VI) is not so marked, but erroneous results would nevertheless be 

obtained. 
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Assay of TFifcon’s Liver Fraclion B and Difco Yeast Extract — ^Wilson’s 
liver fraction B and dry powdered Difco yeast extract were assayed for 
their vitamin Be content with both organisms, and on two different media 
in the case of Lactobacillus caset. The materials were used as such without 


Table V 

Response of Lactobacillus casci to Vitamin Be and Thymine* 


1 

Vitamin 

Be per tube 

0.1 K NaOH per 10 ml. znedliuo 

Thymine per tube 


None 


s-r 

107 

IOO 7 

tnUlimurotrams 

ml. 

ml. 

ml. 

ml. 

ml. 

0.0 

1.8 

3.4 

5-4 

5.6 

6.8 

0.2 

3.9 

6.9 

7.6 

8.3 

9.2 

0.3 

4.8 



9.0 


0.4 

6.2 


9.4 

9.3 

9.3 

0.5 

7.2 



9.7 


0.6 

8.8 


9.7 

9.8 

9.6 

0.8 

9.1 

9.6 


9.8 

i 

1.0 

9.6 

9.6 1 

1 





* Amino acid medium, incubated at 37° for 96 hours. 


Table VI 

Response of Streptococcus faecalis to Vitamin Be and Thymine* 


1 

Evelyn colorimeter readings 






Be per tube 



Thymine per tube 




None 

Ir 

3t 

IO 7 

100 7 

f^Hlimicrograms 


i 




0.0 


88 

84 

72 

63 

0.5 


83 

SI 

70 

64 

1.0 

84 

83 

78 

65 

63 

1.5 

82 

j 


64 

62 

2.0 

75 

78 1 

74 



3.0 

70 

1 

70 



4.0 

65 

62 



1 

5.0 

i 64 



1 

i 


Medium of Mitchell and Snell, incubated at 30° for 16 hours. 


enzyme or other treatment. The results of these assays are reported in 
Table VII. These figures are the average of all values obtained, 
includes averages at different levels in a given assay, and when more th^ 
cne assay was run the average of the several nms. The departure of the 
^Ehest or lowest values from the average is indicated by the plus or nunus 
percentage figure. The two values obtained nith L. casci in each case 
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agree vithin the limits of the experimental error in the assay procedure. 
In both cases the value obtained Avith Streptococcus faecalis was lower than 
that with L. cam. These figures may not give the actual potency of the 
materials, but it is probable that they are reasonably correct, since the 
values are so close together. It seems improbable that there can be much 
of the conjugated form of vitamin of Binkley et al. (16) in the yeast 
extract, since presumably the j’east has been autolyzed in the preparation 
of the extract. If there were much of the compound isolated by Keresztesy 
ct al. (13) in the Wilson’s liver fraction B, the figure by Streptococcus 
faecalis assay should be higher than that by L. casei. 

Standard curves with both the vitamin Be preparation and Wilson’s 
liver fraction B as standards for the two organisms are shown in Figs. 

1 and 2. The curves in each case are almost parallel. 


T.ini,E VII 

Vitamin Be Content of Wilson's Liver Fraction B and Difeo Yeast Extract (Water 

Extraction) 


Organism 

1 

Medium 

Wilson’s liver fraction B 

Difeo yeast extract 

Runs 

Vitamin 

Runs 

VitamiD Be 

L. casei 

Hydrolyzed casein 

4 

7 per sm.r 

n.9 ± 15 


T per tn." 
1.6 ± 10 

it ii 

Amino acid 

4 

12.1 ± 10 


1.7 ± 10 

S. faecalis 

Hydrolyzed cnscinf 

3 

D.C =b 10 

1 

1.4 ± 15 


* The plus-minus figures nro in per cent. 

t The hydrolyzed casein is that described by Mitchell and Snell (20). 


Luckey, Teply, and Elvehjem (21) compared the potency of highly 
purified preparations of folic acid, vitamin Be, and the Lactobacillus casei 
factor for Lactobacillus casei and Streptococcus faecalis. In terms of the 
quantities required for half maximum growth of the organism, vitamm 
Be was the most potent of the three. 

Hydrolyzed Casein .As Nitrogen Source — Hydrolyzed casein plus trypto- 
phane and cystine is most often used as a nitrogen-source in assay media for 
the vitamins with Lactobacillus casei. Stimulatory effects of amino acids 
supplementing the hydrolyzed casein have been reported by Snell (22) 
and Dolby and Waters (23). Snell assumed the presence of 0.9 mg. of 
alanine in the amount of hydrolyzed casein added to each tube and foun 
that the addition of 1 mg. more per tube was sufficient to produce all tne 
stimulatory effect given by alanine. In our experiments the f^dition o 
1 mg. of alanine per tube to the casein medium gave no increase m the titer 
of the blank, but did give approximately 10 per cent stimulation a e 
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various levels of vitamin Be. The only explanation we can offer for a 
lesser stimulatory effect than that obtained by Snell is a difference in the 
casein, or preparation of the casein hydrolysate, e.g. type of acid, degree 
of hydrolysis, or norit treatment. Addition of more alanine to our amino 
acid medium gave no stimulatory effect, but this was not surprising since 
this medium already contained 2 mg. of alanine per tube. 

Dolby and Waters (23) reported a stimulatory effect upon addition of 
leucine, isoleucine, and threonine to their hydrolyzed casein medium 
when assaying rvith Lactobacillus casei, for a factor which may be related 
to vitamin B«. We found that the addition of these three amino acids 


Ivelyn Readings 

60 

Vita.mmBc 

65 


70 

f / V/i Ison's 

75 

P / Liver BSU. 

80 

/ / 

85 

/ / 

90 

95 

, / 

0 1 Z 5 4- 5 llil 

0 100 ZOO XO 4W 500 


Fig. 2. Comparison of vitamin Be and Wilson's liver fraction B as standards fo 
Streptococcus faecalis. 

in the amount of 1 mg. per tube again resulted in an approximately 10 
per cent stimulation in titer at the various levels of vitamin Be, but no 
stimulation at the blank. Again our hydrolyzed casein preparation was 
different from that used by Dolby and Waters. 

It is evident, then, that hydrolyzed casein cannot be regarded 
best nitrogen source for optimum groivth of Lactobacillus caset. ^ e 
hydrolysate is purified more and more to remove essential grow t ac ors, 
the imperfections of the synthetic and semisynthetic media as compare 
ivith natural media become more apparent. • tj i . • 

Fig. 3 shows the response of Laclobacillits casci to vitamin Be n 
ous hydrolyzed caseins were used. Casein hydrolysates Samp es . im 
A-3 were received from another laboratory. Sample A-3, becau..e o ^ 
high titration without added vitamin Be, was unsuitable for assay purpose-. 
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The second curve, Sample A-3, "norited,” gives the results after treatment 
of the hydrolysate with 1 gm. of norit-A per 10 gm. of casein at pH 3 for 
hour ivith stirring. These curves show that an unsuitable casein hy- 
drolysate may be made suitable by proper norit treatment. 



Fio. 3. Curves obtained with vitamin B, and various hydrolyzed casein prep- 
arations with Laclobacilhis casci. For an explanation of the curves, see the text. 

Table VIII 


Comparison of Hydrolyzed Caseins Prepared at Different Times* 


Vitaxnm Be pci* tube i 

! 

i 

0.1 K KbOH per 10 ml. medium 

Preparation 1 

I Prepar&tiOQ II 

Preparation HI 

Run 1 

Run 1 

Run 2 

Run 2 

trtilUmiaograms ' 

ffiJ. 

r*I. 

ml. 

ml. 

0.0 1 

2.1 

0.9 

1.2 

1.4 

0.2 

3.7 

3.2 

3.6 

3.2 

0.3 

4.6 

4.3 



0.4 

5.1 

5.0 

6.2 

5.1 

0.5 

6.1 

0.0 



O.G 

6.4 

6.8 

i 6.8 

6.9 

0.8 

7.6 

i 7.9 

V.9 

7.6 

1.0 

9.1 

9.0 

9.2 

9.1 


• Incubated at 37° for 72 hours (LaclobacHlus casei). 


The hydrolyzed casein used for the third curve was a commercial prep- 
aration for vitamin assays from the S. M. A. Corporation. The fifth 
curve was obtained with the casein that is described for use in the assay 
for biotin ivith Lactobacillus casei (24). The last curve is one obtained 
with the casein hydrolysate described above. It serves to illustrate that 
even curves vdth low blanks may still not be entirely satisfactory. I 
was this hydrolysate upon which the effect of the added amino acids was 
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observed. Moreover, the sloge of this curve is not as steep as is usually 
obtained. 

Table VIII illustrates the reproducibility of our hydrolyzed casein 
preparation. The difference in titration values between two preparations 
is no more than that between two runs. 

DISCUSSION 

Since so many forms of the factors for Lactobacillus casei and Strep- 
tococcus faecalis have been isolated or concentrated, assays vary with the 
standard and microorganism used. Mixtures of compounds of different 
potency for the two organisms may be present, and the resulting assays 
with the two organisms may not even show the same trend; i.e., one 
organism may always show greater amounts, since compounds active only 
for one of the two organisms have been reported (13, 15). That this may 
be true has been indicated by Wieder (25) in his review. Binkley et al. 
(16) have also reported the occurrence and concentration of a conjugate, 
active in curing chick anemia but inactive for both organisms. The situa- 
tion could be remedied if some treatment were possible which would convert 
all the compound to a form active for the given organism. 

The effect of thjnnine is disturbing, especially in the concentration of 
some factor, since thymine may be concentrated as well. In the assays 
on Wilson’s liver fraction B, however, thymine most likely does not inter- 
fere with the assay, since the greatest part of it would be bound in nucleic 
acid, which has been reported by Stokes (18) to have no potency for either 
organism. 


SUMMARY 

1. Vitamin Be isolated from yeast and from liver had the same potency 
for both Lactobacillus casei 7469 and Streptococcus faecalis 8043. 

2. Thymine did not completely replace vitamin Be in the nutrition 
of Lactobacillus casei] it did replace it in the nutrition of Streptococcus 
faecalis. 

3. As little as 1 7 of thymine present free in a sample may' erroneously 
influence the growth response of the test organism used in assay. 

4. The vitamin Be content of Wilson’s liver fraction B was found to be 
12.0 y per gm. with tiactobacillus casei on two media, and 9.6 y per gm. 
with Streptococcus faecalis; of Difeo yeast extract, 1.6 t per gm. with Lacto- 
bacillus casei on the two media, and 1.4 7 per gm. with Streptococcus faecalis. 

5. At 0.5 per cent level hj'drolyzed casein did not supply quite enough 
amino acids to give optimum response of Lactobacillus casci in vitamin B« 
assays. 
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Recent investigations have provided evidence that the release and re- 
moval of acetylcholine (ACh) is an inlracellvlar proce.ss connected vith the 
nerve action potential. According to a nev concept the active ester de- 
polarizes the neuronal membrane by rendering it permeable to all ions. In 
a resting condition the membrane is selectively permeable to potassium. 
Flow of current is thus generated (action potential) which stimulates the 
adjacent region. There the process is repeated and the impulse in this way 
propagated along the axon (1-3). 

The energy released by the breakdown of phosphocreatine is adequate to 
account for the total electric energy released by the nerve action potential. 
This could be shown with experiments on the electric organ of Elcctrophorus 
eleciricus (4). If the assumption is correct that the release and remo\‘al of 
ACh are the primary event in the alterations of the nen^e membrane during 
the passage of the impulse, energy-rich phosphate bonds should be used for 
the restoration of the resting condition and the resynthesis of ACh. The 
phosphocreatine acts then as a storehouse for phosphate bond energj" as in 
muscle (5), whereas adenosine triphosphate (ATP) acts as an intermediate 
link and is the primarj'' source of energj’. 

Based on these findings, an enzjTne, choline acetylase, could be extracted 
from brain which, in cell-free solution, in the presence of ATP under strictly 
anaerobic conditions synthesizes ACh (6). Some of the properties of the 
enzyme have alread}’’ been described. The enz 3 ’me has active sulfhvdrjd 
groups wliich are readilj’’ oxidized and maj' be easil}’ inactivated bj' 
monoiodoacetic acid and Cu in low concentrations. On dialj-sis, the 
enz3mi[e rapidly loses its activity (7). 

The enz 3 Tne mechansim appears to be rather complex. Further studies 
on the properties of the enz 3 Tne, the intermediate reactions involved, the 
affinit 3 '’ of the enzyme to drugs, as well as its purification, will be described 
m this and in other papers to follow. 

* This work was aided by grants from the Josiah Maej*, Jr., Foundation, the Darian 
Foundation for Medical Research, and by a gift from Parke, Davis and Company. 
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Methods 

Preparation of Enzyme Extracts from Fresh Uram— The enzyme has been 
prepared essentially in the same ivay as described by A’aciimansohn and 
Machado (6), with a few minor modifications. Brains of 6 to 8 week-old 
rats are rapidly weighed, cooled, and ground with silicate in 0.007 m phos- 
phate buffer containing KCI in 0.05 m concentration. 5 ml. of buffer are 
taken per gm. of brain. The homogenizcr described by Potter and Elveh- 
jem (8) is used. During grinding, the suspension is cooled so that the tem- 
perature does not e.\-ceed G~S°. The homogenized tissue is centrifuged at 
2000 R.F.M. for a few minutes; the supernatant fluid is passed through gauze 
and then used for tiie c.\pcriments. 

Choline chloride, sodium acetate, sodium fluoride, and phj-sostigmine 
sulfate are added at about the same concentrations and in tliesame amounts 
as described. The total volume of all additions to the enzyune solution is 
about one-fourtli of that of the solution. The final concentrations are for 
chob’ne 0,0025 .ai, acetate 0.02 m, fluoride 0.02 m, physostigmine 0.0017 m. 
3.5 ml. of this solution arc put into a Warburg vessel. Further additions 
have usually^ been added in 0.5 ml. of fluid; otherwise 0.5 ml. of the original 
phosphate buffer is added to bring the amount in the main room of the vessel 
to 4.0 ml. so that all e.\perimcnts are carried out in about the same volume. 
0.3 ml. of ATP solution is put into the side bulb. IMien added to the main 
vessel, the initial concentration of ATP is 3 X lO”® si, after e.\’periments 
(described later) had shown that this concentration is close to the optimum. 

The Warburg vessels are filled Avith N: except those in Avhich HCN is 
present. They are then put into a AA’ater bath at 37° and after 10 nu'nutes, 
alloAved for thermoequilibrium, the ATP is added to the main compartment. 
After an incubation period of usually 15 minutes, O.S ml. of 0.1 ji phosphate 
buffer and then 0.3 ml. of n HCI are added to 3 ml. of the enzyme solvition 
taken from the Warburg A’essel. After 20 minutes, 0.3 ml. of n NaOH is 
added. The suspension is tlien centrifuged and tlic supernatant fluid is 
tested for ACh. If the solution is not tested the same day, 0.15 ml. of N 
HCI is added to 2.5 ml. of the supernatant fluid in order to bring the pH to 
about 4.5. At tliat pH ACh has optimal stability. A precipitate forms 
again Avhich, after 10 minutes, is centrifuged. The supernatant fluid is left 
overnight in the refrigerator; die following day it is neutralized Avith 0.15ml. 
of N NaOH and then tested. 

Preparation of Enzyme Extracted from Acetone-Eried Brain Poirdet^ 
Minced brain tissue is throAra into a Dervar flask containing acetone ® 

Avitlidryiceto -3‘’to -S°. After a few minutes, the acetone is poured with 

the tissue into a mortar and the tissue is thoroughly ground. The acetone 
is kept cold by the addition of pieces of diy ice. The tissue is sepam e 
from the acetone on a Buchner funnel and dried in air at room tempera ure. 
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A fine powder is obtained from which the enzjmie may be easily extracted 
with the same phosphate buffer as is used for the extraction of fresh brain. 
20 ml. of buffer are usually added per gm. of powder. The extraction is 
carried out in a mortar with the addition of silicate. 

Preparation of A TP — ATP was at first prepared in the manner previously 
indicated. Later, the method of Kerr (9) was used, which was found to be 
more convenient and to yield larger amounts than the older methods. The 
ATP solution is prepared in the following way: 400 mg. of the barium salt 
are dissolved in 2 ml. of n HCI. 1.8 ml. of 0.5 m sodium sulfate are added. 
The suspension is centrifuged and washed twice with 0.5 ml. of HjO. The 
supernatant fluids are combined and neutralized with n NaOH. The con- 
centration of this solution is about 0.045 m. 

The hydrolysis method of Lohmann (10) has been used for the determina- 
tion of the ATP-PjOs. The solution is hydrolyzed in n HCI. The differ- 
ence between 7 and 30 minutes hydrolysis is subtracted from the difference 
between 7 and 0 minutes hydrolysis. The phosphate was determined bj' 
the method of Piske and Subbarow (11) according to the modifications sug- 
gested by Lohmann (12) . The photoelectric colorimeter of Klett and Sum- 
merson was used. 

Dialysis — ^The enzyme is dialyzed in a cellophane tube against distilled 
water. The glass rod to which the cellophane tube is attached is bent so 
that the tube is fixed in a direction perpendicular to the rotating a.xis. The 
cellophane tube is immersed in the water bath vuth the rotating a.xis at an 
angle of 45°. In the cellophane tube is an air bubble which oscillates during 
rotation. In this way, not only the tube is rotated in the water, but the 
interior solution is continuously and tlioroughly mixed by the bubble.^ The 
dialysis is carried out in the refrigerator, although a few tests did not indi- 
cate a marked effect of temperature. In all experiments described in this 
paper, the enzyme has been dialyzed 120 minutes. 

ACh Determination — The method of Chang and Gaddum (13) has been 
used as pre\dously described, except that amounts in the range of 0.3 to 0.5 
T of ACh only have been employed, at which the sensitivity of the frog’s 
rectus muscle has been highest. The error does not exceed ±5 per cent, but 
is usually smaller. All figures given in this paper are the average of at 
least two determinations. Only some of the low values (after dialysis) 
represent one determination; the error in this case is larger but obviously of 
less significance. 

Results 

Rate of ACh Formation — In previous experiments (6, 7) the time of in- 
cubation of the enzjnme with ATP was on the average SO to 90 minutes. A 

* We arc indebted to Dr. Fritz Lipmann for suggesting this device. 
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study of the rate of ACh formation as a function of time reveals that the 
rate is highest during the first 15 minutes; it then decreases rapidly. 
A typical experiment is shown in Fig. 1. 

The curve resembles that of many unstable enzymes, as for instance 
amino acid oxidase (14). Consequently, in the experiments reported in this 
paper, the time of incubation after addition of ATP was usually 15 minutes 
and the calculation of the amounts of ester formed per gm. of tissue per 
hour is based on the rate observed during the first 15 minutes. This 
amount varies, under the experimental conditions described, between 80 and 
160 7 but is generall}' 120 to 140 y. In larger and older rats with a brain 
weight of about 2 gm., the values obtained were lower than in 3'oung rats 6 



Fio. 1. Rote of acetylcholine formation as a function of time 

to 8 weeks of age. In a few experiments vith guinea pig brains the same 
values were found as with rat brains. 

A few experiments carried out in air showed that the rate of ACh forma- 
tion is markedly lower than that observed in strict anaerobic conditions. 
Addition of cysteine in 0.02 m concentration increases the rate of formation 
markedly; so that part of the inhibition by air may be attributed to the 
oxidation of — SH groups. For instance, in one exijeriment carried out in 
air, 74.5 y of ACh were formed per gm. per hour; with cysteine 1 15 7 of ACh. 
In nitrogen without cysteine, 143 7 ''vere found. 

Optimal Concentration of ATP and Rate of Brcdkdovm In spite of the 
presence of fluoride, ATP is decomposed at a rather high rate. This is 

shown in Fig. 2. _ . , 

The optimal initial concentration of ATP under the experimental co 
tions employed is close to 3 X 10"" m. Table I gives the figures of two ex- 
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periments mth different concentrations of ATP. With 2 X lO"’ m ATP, 
the rate during the first 15 minutes is already as high as -with 4 X 10^ xr. 
For a period of 30 minutes, there is more ACh formed at the latter concen- 
tration. No difference exists, however, at a concentration between 3 and 6 



Fro. 2. Rate of adenosine triphosphate breakdown 


Tabie I 

Effect of Concentration of Adenosine Triphosphate on Rate of Formation of Acetyl- 
choline during IB and SO Minutes Incubation 


CoDcentr&tion of ftdenoslne 
triphosphate 

AcetylchoUae fonaed 

15 min. 

5o nun. 

V X io-> 

T fer V*. 

y per rn. 

1 

26.5 

28. S 


24.9 

29.2 

2 

30.4 

43.5 


34.2 

43.0 

4 

34.3 

5S.0 


31.0 

49.0 


X 10“’ M even for a period of 30 minutes, as was found in another experi- 
ment. 3 X 10-^ M ATP was therefore used throughout the axperiraenfs 
described in this paper. 

Since betiveen 3 and 6 X 10“’ m there is no difference in the rate of forma- 
tion, the e.xperiments indicate that the high rate of breakdown of ATP is 
not responsible for the rapid decrease of the enzjTne activity. This w.os 
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also tested by repeated additions of ATP during the incubation period of 15 
or 30 minutes, ivith Warburg vessels having two or three side bulbs. The 
rate of formation was not influenced by the repeated additions. 

Tcmpcrahire Coefficient — The effect of temperature on the activity of 
choline acetylase is demonstrated in Fig. 3, in winch the rate of ACh forma- 
tion is recorded at 37° and 29.5°. Calculated for a period of 15 minutes and 
a difference of 10°, the Qr is about 2.0. It apparentl}' falls with increasing 
duration, but this is probabl}' due to the fact that at the lower temperature 
the enzyme is somewhat less rapidl3'’ inactivated than at 37°. 

Effect of Potassinm — ^The effect of potassium on choline acetylase was 
preWousty tested in a few experiments in the range between 0.02 and 0.06 



Fig. 3. Effect of temperature on acetylcholine formation 

M. In this range, with the first enzyme preparations, which were less active 
than those obtained later, and with an incubation period of 80 to 90 minutes, 
no marked differences were observed. 

If, however, the effect of potassium is me.asured over a wider range and 
for the period of optimal actmty’-, the rate of formation rises markedly wilh 
increasing potassium concentration. The optimal concentration of potas- 
sium seems to be close to O.OS m, as maj* be seen in Table II. This high 
optimum is interesting in view of the high potassium concentration found 
in nerves. 

In the experiments described in this paper, the final concentration of 
potasaum was O.OI M, since at this concentration the potassium did Mt 
interfere with the determination of ACh on the frog’s rectus muscle. On 
the other hand, 0.04 m appears to be sufficiently close to the optimum. 
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The importance of potassium is furthermore supported by the ex- 
periments with dialyzed extracts. 

Effect of Dialysis — On dialysis, choline acetylase rapidly loses its activity. 
In 2 hours the activity decreases 80 to 85 per cent. 

Potassium — ^Addition of potassium (final concentration 0.04 m) re- 
activates the enzyme only partly. It may increase from 15 to 20 per cent 
of the original activity to 30 to 45 per cent. 

Glutamic Acid — Addition of glutamic acid also reactivates the enzjTne. 
Only the natural Z(-b)-glutamic acid has an effect; d(~)-glutamic acid is 
practically inactive (7). The concentration required for the optimal effect 
is 0.02 M. 0.01 M is usually less effective, although in a few experiments the 
effect at this concentration was even slightly higher than with 0.02 m. In 
the presence of potassium, glutamic acid maj' reactivate the enzjone up to 
80 per cent of the original actmt}". Fig. 4 shows an experiment in which 

Table II 

Effect of K* on Rate of Acetylcholine Formation 

The figures indicate the amount of acetylcholine formed in micrograms per gm. 
per hour. 


Concentration of K* 

Experiment 1 

Experiment 2 ; 

Experiment 2 

Experiment 4 

It xitm 

1 

92 

■■■ 

65 

89 

2 

100 


70 

114 

4 

107 


82 

156 

8 

126 


102 

165 

16 

114 

144.0 

103 



such a strong reactivation has been obtained. It demonstrates also that 
the reactivation by glutamic acid is additional to that by potassium and 
that the effect decreases vith falling concentrations. The combined effect 
of the two substances is, however, not always as strong as in this experiment. 
The reactivation varies between 50 and SO per cent of the original, the aver- 
age being 65 per cent. A series of e.xperiments is reproduced in Table III. 

The effect of glutamic acid, although decreasing with the concentration, 
may still be demonstrated at a concentration as low as 0,00125 m. This is 
of interest in view of the concentration possibly present in normal brain 
which may be of this order of magnitude (15). Results of two such ex- 
periments are reproduced in Table IV. 

Cysteine — Of all the other amino acids tested only i(-)-cysteine has a 
stronger effect. This has obviousl}' to be referred to the presence of the 
sulfhydrjd group either protecting the — SH groups of the enzyme against 
oxidation or actively reducing oxidized groups. The activating effect of 
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cysteine is known for many enzymes containing — SH groups. The effect is 
present before dialysis, although much less pronounced. The optimal effect 



Fin. 4. Effect of f(+)-glutaraic ncid in varying concentrations on dialyzed choline 
acctylnsc without and with 0.04 m K*. 

Table III 

Effect of K* (0.04 n) and of l{+)-Olutamic Acid {O.OB u) on Formation of Acetyl- 
choline after Dialysis 

The figures indicate the amount of acetylcholine formed in micrograms per gm. 
per hour. 


Experimtnt No 
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acid, the effect decreases rapidlj"- with lower concentration. Two e.\peri- 
ments are recorded in Table VI. 


Table IV 

Effect of Acid in Varying Concentrations on Dialyzed Choline Acetylase 


The figures indicate the amount of acetylcholine formed in miorograms per gm. 
per hour. 



Concentration of 
glutamic add 

Erperiment 1 

Erperiment 2 

Undialyzed 

M 

124.0 

141.5 

Dialyzed 


23.4 

22.0 

+ K+ 


45.5 

55.0 

4* “H glutamic acid 

0.01 

81.5 

122.0 

4- “ 4- ~ <> 

0.005 

73.4 

89.0 

4. “ 4. « tt 

0.0025 

69.2 

66.6 

4- « 4- *< it 

0.00125 

61.2 

63.5 



Table V 

Effect of Cysteine (O.OS u) on Formation of Acetylcholine before and after Dialysis 


The figures indicate the amount of acetylcholine formed in micrograms per gm. 
per hour. 


Eiperiment No. 

Undialyred 

Diaiyred 


Cysteine 


K* 

K* + c>’steme 

1 

129.0 

1 

19.0 

58.0 

134.0 

2 

103.0 

‘ 158.5 

17.0 

50.0 

122.5 

3 

80.0 

131.0 

20.0 

40.0 

93.5 

4 

141.0 

166.0 

29.0 

52.0 

80.0 

5 

98.0 

134.5 

16.0 

21.0 

79.0 

6 

111.0 

135.0 

19.0 

35.0 

86.0 

7 

111.0 

131.0 

26.0 

52.0 

108.5 

8 

107.0 

137.0 

22.0 

42.0 

82.0 

9 

137.0 

174.0 

31.0 j 

63.0 

110.5 

10 

118.5 

141.0 

30.0 j 

72.0 

lOS.O 

11 I 

146.0 

156.0 

15.0 

36.0 

91.5 

Average 

117.0 

147.0 

22.0 

47,0 

100.0 





Glutathione appears to be less effective than cj'Steine. 

Cyanide — If the stronger effect of C3'steine, compared witli that of 
glutamic acid, is to be attributed to the reactivation of — SH groups along 
trith the effect of the amino acid group, it would be e.vpeeted tliat HCX 
blight increase the effect of glutamic acid. Moreover tlie two compounds 
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combined might have an effect similar to that of cysteine. This is indeed 
the case. As an e.xample, the values obtained in a typical experiment may 
be given. In the undialyzcd extract III.O y of ACh were formed per gm. 
per hour, in the presence of cysteine 131.0 y. On dialysis, only 26.0 y 
were formed; in the presence of 0.04 m K+ 52.0 y, of K+ + cysteine 108.5 y. 
On addition of glutamic acid 66.0 y were found, with HCN 77.0 y, with the 
two compounds together 94.0 y. 

0//icr Amino Acids — ^The effect of glutamic acid and cysteine appears to 
be rather specific. All the other amino acids tested have either a small or 
no effect. Only I(-f-)-aIaninc has a marked effect, but still less than glu- 
tamic acid. In Table VII are summarized axperiments with amino acids 
which have a small effect. No activation was found with the foUoving: 


Table VI 


Effect of Cysteine in Varying Concentrations on Dialyzed Choline Aeetylase 
The figures indicate the amount of acetylcholine formed in micrograras per gm. 
per hour. 



Concentration ol 
c>$teine 

Ezpermient 1 

ErperunentZ 

Undialyzcd. 

V 

118.5 


-f cysteine . 

0.02 

141.0 

1S6.0 

Dialyzed 


20.8 

2S.6 

-h K* j 


72.0 

62.0 

4- “ -h cysteine 

0.02 

lOS.O 

104.0 

■f '■ + 

0.01 

94.0 

96.6 

+ >. + 

0.005 

82.5 

75.5 

+ " + 

0.0025 

78. 0 

65.8 


! 0.00125 


62.0 


glycine, serine, aspartic acid, tiypsin, histidine, metliionine, ^-alanine, and 
acet 3 d-f(-l-)-glutamic acid. 

Dicarbomjhc Acids and Ciiric Acid — No reactivation has been obtained 
with the following dicarbo.xjdic acids: succinic, maleic, malic, and fumaric. 
Citric acid has a marked reactivating effect, almost as strong as glutamic 
acid. A few data ai e added to Table VII. 

If potassium is not added to the dialj^zed enzyme, several compounds 
which have no effect in the presence of potassium cause some reactivation. 
In the first observations on the dialj'zed enzyme (7), potassium was no 
added. Since these effects are relatively weak and disappear m e 
presence of potassium, they seem of less interest. _ - • c 

Inhibilion of Choline Aeetylase by a-Kclo Aci'ds— Acetylation of 
compounds occurs easily subsequent to pyruvic acid oxidation. 
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acetylation of choline was found in the presence of ATP, it was thought 
that pyruvic acid might be the precursor of acetic acid, acet3d phosphate 
being the intermediate. 


Table VII 

Effect of Various Amino Acids and of Citric Acid on Dialyzed Choline Acctylase 
Compared to That of -Glutamic Acid {O.OS is} 

The figures indicate the amount of acetylcholine formed in micrograms per gm. 
per hour. K+ is always present in 0.04 m concentration. 


Compound 

CoocentrntioD 

Experiment 

Control j 

1 

Control 'f 
glutamic acid 

I(.+)-Alamne 

AT 

0.02 

84.0 

61.0 

100.0 

Citric acid 

0.02 

90.5 

61.0 

100.0 

I(+)-Alanine 

0.02 

79.6 

53.0 

97.5 

Citric acid 

0.02 

86.0 

63.0 

97.5 

dl-Alanine 

0.02 

66.0 

53.0 

97.5 

l(+)-A]anine 

0.01 

67.5 i 

38.0 , 

74.5 

Phenylalanine 

0.01 

50.8 

38.0 

74.5 

I-Tryptophane 

0.008 

56.2 

38.0 

74.5 

tt 

0.008 

67.2 

54.4 

94.0 

?-Proline 

0.02 

64.0 

54.4 

94.0 

Valine 1 

0.02 

54.0 j 

45.0 

75.5 


Table VIII 

Inhibition of Acetylcholine Formation by a-Keto Acids in Extracts Prepared from 

Fresh Brain 


The amounts of acetylcholine found are given in micrograms per gm. per hour. 


Concentra- 
tion of 
o-keto add 

Pyruvic acid 

a-Keto- 

glutaric 

acid 

1 

Concentra- 
tion of i 
a*keto acid 

HydroiO'phenylpyruvic 

add 

Phenylpyruvjc add 




u X SO-I \ 





Control 

108.5 

128.5 

Control 

155.0 

103.0 

131.0 

134.0 


63.5 

101.0 

0.125 



118.0 



49.0 

85.5 

0.25 

102.0 

86.5 

95.0 


1.25 

51.5 

54.5 

0.5 

93.0 

72.0 

S6.0 

93.5 

2.5 

47.0 

44.4 

1.0 

9S.0 

SS.S 

52.0 

59.0 




2.0 

83.0 

54.0 


33.0 




4.0 

68. 0 



i 


Surprisingly, however, strong inhibition was found in presence of 
pjTuvic acid. UTien later it became evident that presence of an amino acid 
is required for the optimal acthdty of the enzjTne si'stem, it appeared of 
interest to determine whether other a-fceto acids, i.c. oxidized amino acids. 
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have ah inhibitory effect similar to that observed with pyruvic acid, a- 
Ketoglutaric acid and phenyl- and hydroxyphenylpyruvic acids have been 
tested so far. Table VIII shows that all these or-keto acids have an in- 
hibitoiy effect in concentrations of 10~’ to lO"^ m which is close to those 
w'hich may occur in the cell. Rat brains were used; cysteine was not added. 

No inhibition was found with acetoacetic acid. 

Separation of Choline Acclylasc from Cholinesterase — ^Extracts prepared 
from powder of acetone-dried guinea pig brain form about 400 to 900 y of 
ACh per gm. per hour. Since 1 gm. of powder may be obtained from 5 to 
6 gm. of fresh brain, this rate of formation indicates the enzyme has lost 
only a fraction of its original activity b3' the treatment with acetone. This 
property is in contrast to that of cholinesterase, which was found by Nach- 
mansohn and Lederer to be nearly complete^' inactivated by acetone (16). 

Table IX 

Aclivily of Choline Acclijlasc, Prepared from Powder of Acctonc-Drtcd Guinea Pig 
Brains, with and without Eserinc, Fluoride, and Cysteine 


On tlic right sido tlic clTcct of cysteine on such nn enzyme preparation has been 
compared to that of glutamic acid and HCN. The amounts of acetylcholine formed 
arc given in micrograms per gm. of powder per hour. 


Compound 

Experiment 

1 

Experiment! 

2 

Experiment 

Compound 


Control 

470 

5S3 

820 

Control 

204 

No eserine 

440 

303 

780 

Cysteine 

645 

“ fluoride 

440 

583 

810 

Glutamic acid 

405 

" cysteine 

180 

226 


HCN 

512 





" -1- glutamic acid 

533 


Therefore choline acetydase may in this way be separated from cholin- 
esterase. Addition of eserine has onlj’’ a relatively small effect compared 
with that of e.xtracts prepared from fresh tissue. Sometimes the effect is 
negligible, which indicates that the two enzymes are practically completely 
separated. In fresh extracts the rate of ACh formation is low compared 
with the rate of hydrolj'sis; the absolute amounts formed are small. No 
synthesis can be demonstrated without eserine in e.xtracfs prepared from 
fresh tissue in view of the high concentration of cholinesterase. There- 
fore it is not surprising that the presence of a small fraction of cholinesterase, 
after acetone precipitation, has some effect. 

Adenosinetriphospliatase is also removed in these extracts prepared from 
powder. Addition of fluoride has no longer any effect. A few data are 
riven in Table IX. Cysteine is necessary to obtain optimal activity vote 
the D-xtracts. Glutamic acid is less effective. HCN may reactivate the 
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enz3Tiie rather strongly, but not as much as cysteine. One example is given 
in Table IX. 

The enzyme solution prepared from dry powder is about twice as pure as 
that from fresh tissue. A solution prepared from powder which forms 1 
mg. of ACh per hour contains about 0.3 gm. of protein. An enzyme solu- 
tion prepared from fresh tissue and synthesizing the same amount of ACh 
per hour contains about 0.6 gm. of protein. Further purification of the 
powder is being carried out and will be described in a later paper. 

The effect of a-keto acids has been tested also on extracts prepared from 
dry powder of guinea pig brains. Cysteine was always added. A few data 
are given in Table X. It appears that in these more purified ex-tracts the 
effect of a-ketoglutaric acid is more pronounced than that of the other a- 


Table X 

Effect of a-Kelo Acids on Choline Acetylase Prepared from Powder of 
Acetone-Dried Brain 


Compound 

Concentration 

Acetylcholine formed 

Control 

V 

0.002 

0.000125 

0.00025 

0.001 

•f per fw. per kr, 

600 

440 

390 

200 

160 

645 

323 

Pyruvic acid 

Control 

a-Ketoglutaric acid '< 

K H 

Control 

Hydroxjphenylpyruvic acid 


keto acids. This is of interest in view of the fact that a-ketoglutaric acid 
is derived from glutamic acid. 


DISCUSSION 

The observations described in this paper have revealed several factors 
required for the optimal activity of choline acetylase. Potassium ions 
have to be present in a concentration close to 0.08 m, which is appro.vimately 
that present inside the nerve cell. This is in contrast to cholinesterase, on 
which potassium has only a small effect, whereas the esterase requires diva- 
lent ions for its activity (17) . 

The effect of glutamic acid is of special interest, both from a theoretical 
and a clinical point of view. Cysteine, like glutathione, may enhance many 
enzjTne systems. This effect is not surprising and has probably to be re- 
ferred, partly at least, to the reestablishment of free — SH groups on the 
cnzjTne. The action of glutamic acid, however, appears to be specific, for 
it is difficult to assume that the effect is due to an action on the — SH groups. 
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If its sole function were to remove heai'y metals, like Cii, other amino 
acids should be equally active. Moreover, the combination with cyanide 
supports the assumption of two different modes of action, since the effects 
of the two compounds are additive. The same is true for the fact that only 
the naturally occurring 1(+) form is effective. 

Tlic precise r61e of glutamic acid in the enzyme mechanism has still to be 
explained. It may form a specific complex as an intermediate step, but 
there are other possibilities. It is surprising that aspartic acid, with a con- 
figuration so similar to that of glutamic acid, has no effect. This, again, is in 
favor of a very specific mode of action. The same applies to the difference 
between alanine and serine. The problem requires further investigation. 

The interest attached to the action of glutamic acid is further empha- 
sized by the inhibitory effect of the a-keto acids. The fact that oxi- 
dized amino acids block the system may be due to a competitive reaction 
between — CO • COOH and — CH • NHj • COOH groups. This again points 
to a definite rble of the latter group. 


SUMMARY 


The properties of the enzyme choline acetylase which forms acetylcholine 
(ACh) in strict anaerobic conditions in presence of adenosine triphosphate 
(ATP) have been further investigated. 

1. In extracts obtained from rat or guinea pig brain, 100 to 160 y of ACh 
may be formed per gm. per hour. The optimal rate decreases rapidly after 
15 minutes of incubation. 

2. ATP is split, in spite of the presence of fluoride, at a rather high rate. 
An initial concentration of 3 X lO—* m is optimal. At this concentration the 
nucleotide is not the limiting factorj"^ of the reaction. 

3. The enzyme requires potassium ions. 0.08 m has been found to be 
near to the optimal concentration, which is approximately tliat found in 


mammalian brain. 

4. On dialysis the enzyme becomes inactive. In 2 hours it has lost 80 to 
85 per cent of its original activity. Addition of potassium reactivates it 
only partly.* Further reactivation may be obtained with glutamic acid. 
Only the natural l(-f ) fonn is effective. Thed-(-) form has practically no 
effect. Cysteine is still more effective than glutamic acid and may 
reactivate the enzjnme almost completely. Combined with 
glutamic acid has an effect almost ns strong ns cysteine. Among all other 
amino acids tested, only /(-f )-alanine enhances markedly the activity oi the 
dialyzed enzjTne, but not as much as glutamic acid. The other ammo aci s 


have either a weak effect or none. 

5. Dicarboxylic acids have no effect on the dialyzed enzyme, 
acid reactivates it almost as strongly as does glutamic acid 


Citric 
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6. a-Keto acids inliibit the enzyme in to lO"* m concentrations. 
Pyruvic, (phenylpyruvic, hydroxyphenylpyruvic, and a-ketoglutario acids 
were tested. No inhibition was found with acetoacetic acid, 

7. In extracts prepared from powder of acetone-dried brains, choline 
acetylase has lost only a small fraction of its original activity. Cholin- 
esterase may be almost completely inactivated by treatment with acetone. 
In this way the two enzymes may be separated. 

We are greatly indebted to the late Dr. M. Bergmann, to Dr. W. G. By- 
water, Dr. V. du Vigneaud, Dr. D. E. Green, Dr. D. Shemin, and Dr. 
S. Ochoa for having given us some of the compounds tested. 
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THE IMPORTANCE OF “FOLIC ACID” IN RATIONS 
LOW IN NICOTINIC ACID* 

Bt W. a. KREHL and C. a. ELVEHJEM 

fFrom the Department of Biochemistry, College of Agriculture, University of Wisconsin, 

Madison) 

(Received for publication, December 21, 1944) 

Mter nicotinic acid was shown to be essential for the dog through the 
use of a modified Goldberger diet (1), Schaefer, McKibbin, and Elvehjem 
<2) succeeded in producing good growth in dogs fed a purified casein-su- 
crose ration supplemented with thiamine hydrochloride, riboflavin, pyr- 
idoxine hydrochloride, calcium pantothenate, choline chloride, and nic- 
otinic acid. When nicotinic acid was omitted from this ration, drastic 
loss in weight, anorexia, and blacktongue developed in weanling puppies 
in 14 to 18 days, and in adult dogs in 30 to 45 days. Specific results on one 
of the experimental dogs showed that four separate doses of from 25 to 
40 mg. of nicotinic acid resulted in an average gain in body weight equal to 
34 gm. permg. of nicotinic acid. Further work has shown that many dogs 
with blacktongue, particularly puppies, do not consistently respond to 
nicotinic acid therapy when this ration is used. Handler (3) has also 
observed inconsistent behavior of dogs on a purified ration and reports 
results in marked contrast to those seen earlier on Goldberger diets (4). 
Evidence is presented in this report that the “norit eluatc factor” (Hutch- 
ingsriol. (5)) or, as it is also known, “folic acid” (Mitchell ct al. (6)) is a 
factor which needs to be considered in nicotinic acid-low rations. 

EXPEKtMENTAL ANP RESULTS 

Weanling mongrel puppies, 6 to 8 weeks of age, were used in this study. 
The basal ration was essentially that of Schaefer el al. (2), except that the 
3 per cent cod liver oil was replaced with cottonseed oil. The ration con- 
sisted of sucrose 66, cottonseed oil 11, acid-washed casein 19, and 4 parts of 

* Published with the approval of the Director of the Wisconsin .Agricultural Ex- 
periment Station. This work was supported in part by a grant from the National 
Dairy Council. 

Wc arc indebted to Merck and Company, Inc., Rahway, New Jersey, for the gener- 
ous supply of crystalline B vitamins; to the Abbott Laboratories, North Chicago, 
Blinois, for the generous supply of haliver oil; and to The AMlson Laboratories, 
Chicago, Illinois, for the solubilized liverextract, fraction L. 

Dr. Mott Cannon kindly made the white cell counts and hemoglobin determina- 
tions reported. 
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Salt Mixture (high manganese). The ration was fed ad libitum and 
each dog received in addition 100 y of ^ibofla^^n, 60 y of pyridoxine hy- 
drochloride, 500 y of calcium pantothenate, and 50 mg. of choline chloride 
per kilo of body weight per daj\ The required amount of each of these 
vitamins was given in aqueous solution tvdce weekly. Halibut liver oil 
was given at the same time on the basis of 3 drops per kilo of body weight 
per week. This basal ration contained 0.64 y of nicotinic acid per gm. 
according to the microbiological method of Krehl cl al. (7). 

Tlie following criteria were used to denote marked nicotinic acid de- 
ficiency: (1) drastic loss in weight, (2) anorexia, (3) inflammation of the 
gums with palatine redness, and (4) bloody diarrhea. WTien the animals 
became markedly deficient water consumption was greatly reduced. 

Table I 


Vitamin B Content of “Fohe Acid’’ Concentrate 


Vitamin 

Amounts found 

Nicotinic acid 

T ptr CC 

56 0 

“Folio acid" (equivalent to pure vitamin B,) 

7.8 

Pantothenic acid . . 

2.7 

Pyridoxine 

0.62 

Biotin 

0 036 

Thiamine 

0.20 

Riboflavin . 

1.7 


One group of dogs was kept on the synthetic basal ration described above, 
and another group of dogs received in addition to this ration a "folic acid” 
concentrate, equivalent in “folic acid” activity to 1.0 gm. of solubihzed 
liver extract. The procedure used in making the “folic acid” preparation 
was essentially that of Hutchings et al. (5), except that the preparation was 
carried only through the norit cluate stage The original solubilized liver 
extract contained 11.5 y of vitamin Be per gm. by the Streptococcus lochs 
assay (8), and each cc. of the “folic acid” concentrate was equivalent to 
7.8 y of pure by the same assay. It was necessary then to feed 1.5 cc. 
of this concentrate per dog per day, or actually 4.5 cc. were given every 4t 
day. The “norit eluate” was also assayed for nicotinic acid (7), pyridoxme 
(9), pantothenic acid (10), biotin (11), thiamine (12), and ribofiaidn (13), 
and the results are given in Table I. The amount of nicotinic acid con- 
tiibuted by this concentrate was not significant in view of the dogs re- 
quirement for this vitamin. „ os me of 

When a dog reached a state of severe nicotinic acid deficiency, Ah mg. 

> Phillips, P. H., and Hart, E. B., f. Biol Chem., 109, 6S7 (1935). 
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nicotinic acid were administered in a capsule by mouth and the growth 
response noted. In this manner the dogs were standardized, each dog 
ser\dng as its own control. 

After the initial response to nicotinic acid, Dogs 1, 2, 3, and 5 (see Table 
11), those not receiving “folic acid," lost weight rather rapidly, and when 
25 mg. of nicotinic acid were again given the dogs failed to respond, lost 
further weight, and died within periods of 2 to 7 days. Unsuccessful 
attempts were made to save Dog 2 by giving 65 cc, intraperitoneally and 


Table II 


Response lo Nicotinic Acid in Dogs Receiving Synthetic Ration and Same Ration 
Supplemented with “Folic Acid" 


Boe No. 
ana sex 

Katlon used 

Time 

reQuired to 
produce 
deficiency 

Amount 
nicotinic 
acid given 

Weight response to 
nicotinic acid 

Weight 
gained per 
mg. nico- 
tinic acid 





dayt 

mg. 

gm. 

gm. 

1 cf. 

Basal 



49 

25 

400 

16 

2c? 

tt 



49 

25 

650 

26 

3 9 

it 



38 

25 

750 

30 

6 9 

tt 



32 

25 

600 

23 

41 <? 

tt 



38 

25 

650 

26 

42 c? 

it 



35 

50 

450 

9 

43 9 

tt 



33 

60 

No response, death 


44 9 

tt 



34 

25 

tt tt 


8 (? 

“ -b 

‘‘folic acid” 

32 

25 

1450 

58 

9 c? 

“ -b 

tt 

ft 

48 

25 

1850 

74 

12 c? 

“ + 

tt 

tt 

34 

25 

1000 

40 

16 9 

“ -b 

it 

it 

23 

25 

1100 

44 

34 c? 

“ -b 

tt 

tt 

19 

25 

1000 

40 

40 9 

“ -b 

tt 

ft 

13 

25 

1100 

44 

45 c? 

“ -b 

tt 

tt 

38 

25 

1200 

48 

47 9 

“ -b 

tt 

tt 

35 

25 

1350 

54 

38 c? 

“ + 

tt 

ft 

30 

50 

1500 

30 

39 c? 

“ -b 

tt 

it 

30 

50 

1550 

31 


35 cc. intravenously of a solution containing 5 gm. of de.xtrose, 2 mg. of 
thiamine hydrochloride, 2 mg. of riboflamn, 2 mg. of pyridoxine hydrochlo- 
ride, 10 mg. of calcium pantothenate, and 25 mg. of nicotinic acid per 
100 cc. respectively. Autopsies performed on these dogs invariably showed 
a marked intestinal enteritis, particularl3’ severe along the upper tract, and 
a significant absence of intestinal contents. No other gross abnormalities 
were discerned. 

Dogs that had received “folic acid” in addition to the sjTithetic basal 
mtiou developed nicotinic acid deficienc5' in an average time of 30 daj s as 
*^ompared to 38 da3’s for the other group. This difference ma3' hax e little 
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significance because of the general overlapping in the tu'o groups. In addi- 
tion to the fact that dogs ivith blacktongue recehung "folic acid” responded 
considerablj'- better to standard doses of nicotinic acid than those in the 
other group, they also lyere able to withstand repeated severe nicotinic acid 
deficiencies.^ The modified ration, therefore, is more useful in determiniig 
nicotinic acid in biological materials with the dog as the test animal 
Tj-pical results obtained with two of the dogs, one on the basal ration and 
one on the basal ration plus “folic acid,” are shown in Fig. 1. 



Fig. 1. Typical growth response obtained from nicotinic acid on the basal ration 
and the basal ration plus “folic acid.” 

It was observed that, in general, dogs receiving "folic acid” did not e.\- 
hibit the severe mouth lesions so characteristic in classical blacktongue, 
although Dog 40 (see Table II) on a repeated deficiencj' demonstrated a 
most severe and e.\'tensive case of blacktongue. In addition, it was noted 
that many of the dogs recehTlng no "folic acid” developed a watery eye 
condition with considerable exudate. This condition was not observed in 
dogs receiving added “folic acid.” 

Since Handler and Dann (4) have reported white cell counts considerably 
below normal in cases of blacktongue produced on their purified ration and 
since it has been shorni (14, 15) that “folic acid” is effective in counter- 
acting snlfasuxidine-induced leucopenia in rats, it was deemed adrisable 
to check the white cell count in the two groups of dogs under e.xperiment. 
The white cell counts, made in duplicate from fresh blood drawn by ear 
puncture, were made at weekly intervals during %-arious stages of the de- 
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ficiency. Hemoglobin values were determined in duplicate at the same 
time. These results are compiled in Table III. 

Although there is considerable overlapping between the trvo groups, 
it is indicated that the dogs in the group receiving added “folic acid” have 
a tendency toward a higher white count. The low white cell count pre- 
viously reported in nicotinic acid-deficient animals (4) was not observ^ed m 
this experiment. Except for Dog 40 (see Table III), the hemoglobin 


Table III 

Blood Picture in Nicotinic Acid Deficiency 


Dog No. and sex 


38 c? 

38 cf 

39 t? 

39 & 

40 9 

40 9 
45 <? 
47 9 
47 9 

41 t? 

41 o' 

42 o' 

43 9 

44 9 


Kation used 

Extent of 
deficiency* 

Hemns^o^iu 



gm. per cent / 

Basal + "folic acid” 

+++ 

9.3 

<< ^ « « 

-h-f 

10.9 

•• ^ <• “ 

+++ 

11.1 

■■ 4 . “ “ 

+ 

12.3 

« 4 . “ “ 

0 

14.1 

<1 ^ « « 

++ 

14.5 

it ^ 

+ 

9.8 

« 4. “ “ 

+ 

10.1 

it ^ « « 

4-1-+ 

11.1 

it 

0 

10.6 

it 

+4-+ 

8.7 

it 

-b 

9.8 

it 

+ 

9.6 

it 

-b 

10.0 


White cell count 


15.4 

12.4 
19.9 

19.6 

14.1 

17.6 

11.4 

13.8 
17.0 
11.4 

9.8 

10.2 
9.8 

13.9 


non-deficient, -f 
deficiency. 


it of deficiency wnen appiyiug u.c - — 

^ Blight deficiency, ++ = moderate deficiency, ++ + 


t. 0 ■= 
severe 


levels were generally below normal, indepiendent of the stage of the 
ficiency or the group examined. 


DISCUSSION 

The difference between the results herein reported and those 
el al. (2) may be e.xplained at least in part by the fact t a e 
ia this experiment were allowed to proceed to a greater egree ° 

Under the strain of severe deficiency additional comphcatmg^ 
may well play a part and the results reported indicate t a 

is at least one factor involved. . . , • „• 

It appears that “fohc acid” or related compounds is sju esi . 

nificant amounts by the intestinal bacteria and that dogs on a 
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diet containing the six B vitamins can depend upon this source of "folic 
acid.” However, wJien nicotinic acid is restricted the degree of synthesis 
is greatly decreased but somewhat variable from dog to dog. The Jack of 
food acting as a substrate in the tract during the nicotinic acid deficiency is 
undoubtedly an additional and complicating factor. Older dogs may or 
may not e.vhibit this deficiency, due to the fact that the intestinal flora may 
be too firmly established to be susceptible to alteration, or the storage of 
"folic acid” may be so great that no deficiency is observed. 

The fact that the synthetic basal ration, supplemented with “folic acid,” 
produces a greater and more consistent response to nicotinic acid under 
conditions of repeated deficiency improves the status of the biological assay 
for nicotinic acid, and assays of certain biological materials ( 16 ) by this 
method have checked very well \vith those by the microbiological method. 

The observation that fewer dogs in the group receiving "folic acid” ex- 
hibit the severe mouth lesions might be explained by the postulation that 
folic acid prevents a complication of the nicotmic acid deficiency which is 
exhibited by this phase of the blacktongue syndrome. 

summahy 

Young dogs placed on a nicotinic acid-low synthetic ration and allowed to 
proceed to a severe nicotinic acid deficiency responded poorly to standard 
doses of nicotinic acid and soon failed again, death generally ensuing de- 
spite administration of nicotinic acid. When the basal ration was supple- 
mented with a “folic acid” concentrate derived from solubi ized liver e.x- 
tract and the same experimental conditions followed, dogs risponded ade- 
quately and consistently to nicotinic acid and could be used in repetitive 
assays. 
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THE EFFECT OF LIGHT ON THE STABILITY OF THE 
CARR-PRICE COLOR IN THE DETERMINATION 
OF VITAMIN A* 

By M. J. CALDWELL and D. B. PARRISH 
(From the Kansas Agricultural Experiment Station, Manhattan) 

(Received for publication, December 26, 1944) 

The Carr-Price reagent, a chloroform solution of antimony trichloride, 
has been widely used in the determination of vitamin A. The blue color 
developed upon mixing vitamin A and the reagent is unstable; fading be- 
gins immediately. The attempt to make photometric readings which are 
reproducible has led to a variety of practices in different laboratories. For 
example, galvanometer readings have been made at 3, 5, 16, 30, and 60 
seconds after adding the reagent; the point of temporarj' stability has been 
used; curves have been plotted and extrapolated to zero time, while still 
others have employed photometers making use of condensers and ballistic 
galvanometers or photographic devices for measuring the color density. 
Some investigators have called attention to the difficulty of determining 
the point of temporary stability, although others have not found that this 
necessitates special consideration (1-7). 

In this laboratory several different photometers have been available for 
determining vitamin A by the Carr-Price reaction. It has been obser\'ed 
that the stability of the blue color varied considerably when different 
instruments were used in the analysis. Since intensity of the light source 
appeared to cause the difference, this study was undertaken. E.xamination 
of the literature failed to reveal studies of the effect of light upon the Carr- 
Price reaction mixture. 

These observations should be of interest to those using this method for 
the deteimination of vitamin A. The results should lead to a better 
understanding of the kinetics of the reaction, show why differences in the 
stability are often observed, contribute to a more exact determination of 
correction factors for the presence of carotenoids in the reaction mixture, 
and suggest a few factors to consider in the design of photometers for de- 
termining vitamin A by the Carr-Price method. 

Procedure 

The Coleman universal spectrophotometer, model 11, with wave band 
set at 620 tap, was used in this stud3'. A resistance was placed in the 
circuit of the exciter lamp so that the brilliance of the light could be 

* Contribution No. 29S, Department of Chemistry, 
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varied without dimming the h'ght in the galvanometer unit. Matched 
13 mm. square absorption cells were used. A -t-itamin A concentrate (Distil- 
lation Products, control, PC-2) was dissolved in D. S. P. chloroform and 
diluted to approximately 5 y per ml. After the usual preliminarj' adjust- 
ments of the galvanometer were made, an absorption cell containing 1 ml. 
of the vitamin A solution was placed in the light path and 9 ml. of 22.5 
per cent antimony trichloride reagent (2) were added from a special pipette 
(S). The first reading of the galvanometer was made as soon as temporarj- 
stabilit 5 ' was obsen-ed. Although varjdng slightly, depending upon the 
intensity of the e.xciter lamp, this point of stability occurred approximately 
6 seconds after beginning the addition of the reagent. Further obsen'a- 
tions of the galvanometer were made at the time inten-als shown in Fig. 
1, with other intermediate inten-als omitted from the figures to avoid 
crowding. The values shown are averages of several determinations. The 
intensity of the exciter lamp was adjusted to 13, 30, and 100 per cent of the 
full brilliance. The obsen-ations marked 0 per cent were taken bj- shifting 
the absorption cell containing the reaction mixture into the light beam 
(at 13 per cent of fuff briffiancej onf}- long enough to read the galvanometer; 
generally this required about 3 seconds. 

To study the effect of verj- strong illumination, the chloroform solution 
of \dtamin A and the reagent were mixed and e-xposed intermittently to a 
200 watt Mazda lamp at 3 inches distance. The absoiption cell containing 
the reaction mi.xture was removed from the strong light only long enough to 
transfer it to the photometer and read the galvanometer. 

The same stock solution of x-itamin A was used to study the loss of color 
in the Eveljm and K W S Z photometers with the 620 m;i and 625 m/s 
filters respectively. The K W S Z was adapted for rapid reading by 
adjusting the setting on the decade box to the e,xpected transmission. The 
reaction was carried out with the absorption cell in the photometer and any 
necessarj' adjustment of the transmission was made bj* reading the small 
galvanometer deflection which had been preriously calibrated in terms 
of the decade box readings. 


RESULTS AJH) DISCUSSIOX 

The three photometers do not show identical galvanometer readings for 
the same A-itamin A solution because of differences in construction and size 
of absorption cells. Therefore, to bring the results together and make 
comparisons as clear as possible, all readings have been transposed to appar- 
ent vitamin A concentration, by reference to the calibration cun'® 
previously prepared for each photometer based on the color obtainedattne 
point of temporaiy^ stabUity. It should be noted that the 
I also represent the relative color of the solution as it vanes with time 
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following mixing of the reagent with vitamin A. The values shown for the 
Coleman photometer were all obtained by using the calibration curve pre- 
pared wdth the incident light at 13 per cent normal brilliance. 

The data in Fig. 1 and Table I show clearly that light exerts a pow^erful 
effect in the fading of the blue color. As the incident light of the Coleman 
photometer is changed from 100 to 13 per cent of full normal brilliance, the 
rate of loss of color during the first minute decreases from 39 to 18.2 per 



Fig. 1 . Fading of Carr-Price color as a function of light intensity. Cur\'esl,2, 
3, and 4 are obtained with a Coleman photometer, when the reaction mixture is ex- 
posed continuously to 0, 13, 30, and 100 per cent of the normal photometer light in- 
tensity. Curve S shows the effect of exposure to direct illumination from a 200 n att 
incandescent lamp. Curves 6 and7 represent normal fading obtained when the Evelyn 
and K IV S Z photometers, respectivelj% are used. 

cent. Exposure of the solution to light at 13 per cent of normal for onlj' 
long enough to read the galvanometer reduces this loss of color to 11.7 per 
cent. The loss of color is 89.4 per cent if the light of a 200 watt bulb k 
allowed to strike the solution. A smaller loss, 7.8 per cent, is observed if 
light of low intensity such as that employed in the Evehm photometer is 
used. The e.xtrapolation of all curx^es to zero time tends to bring all the 
curv’es toward a common point. As would be expected from a studj’ of the 
cun'es, there is a tendenej' for the photometric reading to be lower when 




184 


DETERMINATION OF VITAMIN A 


brilliant illuminations are used. The fading of a solution containing 10 y 
of vitamin A per ml. also was studied, vith results essentially the same as 
shown in Fig. 1. The use of a perforated diaphragm to control the light 
intensity was tried, irith results essentially the same as those obtained 
with rheostat control. Because of mechanical difficulties, the control 
of the light system by rheostats was adopted. 

Although light will destroy vitamin A over a period of time, it was found 
that exposure of the vitamin A solution to the 200 watt light at 3 inches 
distance for 2 minutes before adding the antimony trichloride resulted in a 
blue color as high as that found for non-irradiated idtamin A. The light 
affects the blue color combination much more rapidly than it affects vitamin 
A itself. The fading of the blue color appears to be due to radiations of the 
red region of the spectrum. Ultrainolet light could have little if anj' effect 
in this case, since in one of the photometers used the incident light passed 


Table I 

Rale of Fading of Carr-Price Color from Initial to 60 Second Reading 


Photometer 

Light intensity 

Rste of color loss 

Coleman 

200 vatt Mazda lamp 

100% normal 

per enf per ni« 

89.4 

39.0 


30% normal 

27.6 


13% “ 

18.2 


0 normal 

11.7 

KWSZ. . 

Normal 

32.6 

Evelyn 

<C 

7.8 


through SIX pieces of glass and an aqueous solution before reaching the 
absorption cells; and yet fading was verj' rapid. 

Hock (6) studied the kinetics of the Carr-Price reaction, using a photo- 
grapliic device to record color density. Fig. 4, a of his paper shows that 
vitamin A naphthoate fades so rapidly that if the same rate had continued 
for 70 seconds the value would have been practically 0 per cent of the maxi- 
mum color developed. The results of this study indicate that a le^ inteiwe 
light source would have caused less rapid fading. In making kinetic stu les 
of the Carr-Price reaction, one might be led to assume either a zero or a 
first order reaction, depending upon the intensity of light employed in e 
photometer. Meunier and Raoul (9) studied the kinetics of t le arr 
Price reaction of vitamins Ai and A*. The intensity of the lig 
may cause the two forms of the vitamin to fade at different rates 
found in their, study and merits further investigation. 
mination 'of correction factors for the presence of carotenoi 
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with the detennination of vitamin A may be closely related to the kinetics 
of the /reaction, this problem might profitably be reexamined, taking into 
account the effect of light upon the reaction mbcture. 

Dann and Evelyn ( 1 ) show that fresh and old solutions of antimon3' tri- 
chloride reagent cause fadmg to begin at different lengths of time after 
adding the reagent to vitamin A. An investigator using a photometer of 
different light intensity might erroneously conclude his reagent to be more 
or less stable than those prepared b3'- Daim and Evel3m unless the effect of 
light is taken into account. The Evel3'n photometer empio3's a minimal 
light source. 

A study of these data indicates why some investigators find that obsen’a- 
tions made at the point of temporary stability are reliable, while others do 
not. With low light intensity the drift is so slow that one ma3' obtain 
satisfactory reading over a period of several seconds, but with greater 
illumination the time at which the reading should be made is much more 
difficult to determine. 

Measurements of vitamin A may be improved by using light of low 
intensity. It was found that satisfactory measurements of vitamin A 
could be made with the Coleman photometer when the intensit3’' of the 
exciter lamp w'as decreased to less than 10 per cent of full brilliance. Under 
these conditions the calibration curve prepared approached a straight line, 
just as w’as the case w'hen the instrument was used in the normal fashion. 
This method of adjusting the photometer has been adopted in this labora- 
tory for the routine determination of ^dtamin A. However, calibration 
curves should be prepared for the light intensity to be used in subsequent 
determinations, since small differences in the readings are observed if the 
light mtensit3’’ is varied from low' to high illumination. This is probabl3' 
due to slight differences in the character of the incident light and to changes 
in the rate of fading. 


SUMMARY 

1 . The intensity of the incident light influences the rate of fading of the 
blue color developed in the Carr-Price reaction for vitamin A. 

2 . Investigations of the kinetics of the Carr-Price reaction should take 
into account the effects of tlie illumination in the photometer. 

3 . Photometers for determining ^’itamin A b3' the Carr-Price reaction 
should employ low intensit3’' of incident light to reduce fading of tlie blue 
color to a minimum and make possible more precise determinations. 
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The interaction of sodium nitrite and blood takes place in three stages: 
(a) an induction period; (6) a reactionary period, usually rapid; and (c) 
a tenninal period, often prolonged, during which the products of the 
reaction, chiefly methemoglobin, pass into hematin and degradation 
products. It is mainly with the first two periods that this paper deals. 

Gamgee (1) concluded that the product formed from the action of nitrite 
on blood was a combination of the nitrite and oxidized hemoglobin. Sorb)' 
(2) and simultaneously Lankester (3) pointed out that the spectrum pro- 
duced by the action of nitrites on blood was similar to that of methemo- 
globm described by Hoppe-Seyler in 1864. This view was eventually 
accepted by Gamgee (4). 

One of us (C. R. M.), in a study of the pharmacological action of ni- 
trites, complementary to a study of nitric esters in 1892, concluded that 
more than the formation of methemoglobin occurred in the interaction 
of sodium nitrite and blood, and later Haldane, Makgill, and MavTO- 
gordato (5) showed that nitric oxide hemoglobin is one of the products 
of the reaction. Hartridge (6) revived the idea of a nitrite hemoglobin 
owing to the impossibility of obtaining the same spectrum from super- 
posed solutions of nitric oxide hemoglobin and methemoglobin. Un- 
fortunately he makes no mention of the amount or concentration of sodium 
nitrite used and this knowledge is material to the argument. Recently 
Barnard (7) has maintained that a compound of nitrite and methemoglobin 
is formed. 


Methods 

The spectrophotometer employed in taking the cun'es illustrating this 
paper consisted of a large model Hilger constant delation wave-length 
spectrometer having an average accuracy over the visible spectrum of 
about 1 A, and a Nutting polarization photometer giving a triple field. 
The light source was a 100 c.p. pointolite lamp 63 cm. from the collimator 
slit. The width of this slit in most experiments was 0.05 mm. The 
ocular slit was 0.1 nam. wide and covered wave-lengths of 2.1 m;i in the 

* Much of the matter and all the figures illustrating this paper are taken from an 
M.D. thesis by one of us (W. M.) deposited in the Uni%-ersity Librarj- of Aberdeen 
in 1928. 
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yellon- and 1.2 mft in the blue region of the spectrum. The internal 
diameter of the absorption cells vras 1 cm. Unless othern-ise stated, a 
screen of 5 per cent electrargol solution was placed in the beam of the 
polarized light to counteract the instrumental error inherent in spectro- 
photomelric curves of most blood pigments and pve them an appearance 
more in conformity with that ■vdsually observed. A drj’ electrargol screen 
of the t 3 -pe made by Ilford, Ltd., is now available. 

The rate of reaction between nitrites and blood varies markedlj- be- 
tween species ((1) p. 592), and such differences have indeed been noted 
between indnidual rabbits (S). Moreover, the addition of serum markedly 
affects the reaction velocitj* of nitrites on blood (9). In order to reduce 
blood variants as far as possible, ayperiments were made nith crystallized 
o.\yhemoglobin. That of the ox was found to be better adapted for the 
purpose than that of the horse or the hog and a method of prep.aring it in 
quantitj- was demsed (10). The moist crystals are soluble in their omi 
weight of water at 20° and are fairh' stable. All the figures of this paper 
arc from e.xpcriments with crystallized ox o.xyhemoglobin. 

The sodium nitrite used was purified bj- several reciystallizations from 
90 per cent ethj-l alcohol and was dried over concentrated sulfuric acid. 
Analysis showed it to be pure. Buffered solutions were used in most 
experiments, the mixtures employed being Walpole’s acetate mixture to 
give pH 5.2, SSrensen’s phosphate mixture to give pH 6.2 and 7.2, and 
Palitzch’s boitLx-boric acid mixture to give pH S.2 and 9.2. The pH of 
the solutions was corroborated bv colorimetric methods nith use of stand- 
ard controls. At first attempts were made to determine the pH of the 
mixtures with quinhj’drone and with hj'drogen electrodes — ^the glass 
electrode was not available when these e.xperiments were made— but the 
results were inconstant and it was found better to use buffered solutions 
and neglect the small and almost constant effect of the added o.xyhemo- 
globin. For some e.xperiments at neutralitj' tap water was used. 

Rcaclion Vclodiics 

These e.xperiments best show the course of the earlj’ phases of the action 
of nitrites on blood. The solutions of nitrite and oxyhemoglobin were 
intimately mixed, poured into an absorption vessel, and readings taken, 
usually everj' § minute, until the completion of the reaction. The earliest 
reading that could be obseiwed was one 20 seconds after mixing the solu- 
tions. The readings were taken at X 577 mti. Change from oxyhemog o- 
bin to methemoglobin is accomp.anied by a marked fall in absorption co- 
efficient at this wave-length. „ t, 

The results of the e.xperiments are shown in Figs. 1 to 5. taacn np 
shows graphs of the reaction velocities of such concentrations of so urn 
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Fig. 1 Fig. 2 

Fig. 1. Reaction velocities of m/12,500 and m/I6,000 (Curves A and B, respectively) 
sodium nitrite on o\yhemoglobin at pH 5.2. Ordinates, absorption coefficients; 
abscissae, time in minutes. 

Fig. 2. Reaction velocities of m/1000, m/3000, and m/7500 (Curves A, B, and C, 
respectively) sodium nitrite on oxyhemoglobin at pH 6 2. Ordinates, absorption 
coefficients; abscissae, time in minutes. 



Fig. 3. Reaction velocities of m/500, m/75(), m/1000, and m/2000 (Curves A, B, C, 
and D, respectively) sodium nitrite on oxyhemoglobin at pH 7.2. Ordinates, ab- 
sorption coefficients; abscissae, time in minutes 
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nitrite as are ^ritllin measurable limits on a moderately strong solution 
of oxyhemoglobin of definite pH. It i\tI 1 be seen that most of the curves 
have an induction period or lag followed by a reactionarj' period diminish- 
ing -with increasing acidity or concentration of nitrite. Fig. 1 shows the 
reaction velocities at pH 5.2. The largest concentration of nitrite pos- 
sible for observation was m/ 12,500. With this concentration the reaction 
began within 30 seconds and was complete in 1 minute. Larger concen- 
trations of nitrite produced an almost immediate effect; the reaction 



Fia. 4 Pia. 5 

Fio. 4. Reaction velocities of m/60, m/120, m/250, and m/500 (Curves A, B, C, 
and D, respectively) sodium nitrite on oxyhemoglobin at pH 8.2. Ordinates, ab- 
sorption coefficients; abscissae, time in minutes. 

Fjg. 5. Reaction velocities of m/6, m/1I, m/25, m/50, and m/100 (Curves A, B, C, 
D, and E, respectively) sodium nitrite on oxyhemoglobin at pH 9.2. Ordinates, 
absorption coefficients; abscissae, time in minutes. 

was over before any observation could be made. m/16,000 nitrite did 
not produce any effect for 1 minute and the reaction period was slower. 
In Fig. 2 the graphs illustrate the effect at pH 6.2. At this pH m/1000 
nitrite has an almost immediate effect; m/3000 nitrite shows a latent 
period of nearly 1 minute, followed by a rapid reactionarj’- period; and 
m/7500 nitrite has a long lag of 8 minutes and a reactionary period w 
approximately 8 minutes. At pH 7.2 (Fig. 3) similar effects are caused 
by m/500, m/750, m/1000, and m/2000 nitrite. Figs. 4 and 5 give examples 
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of reaction velocities in pH 8.2 and pH 9.2 solution respectivelj-, larger 
concentrations of nitrite bemg required -with increase of pH. 

The effect of pH on the reaction of nitrite and oxyhemoglobin is seen 
to be striking, m/1000 nitrite has no demonstrable action on o.xyhemo- 
globin in solution at pH 9.2 within a few hours of mixing, and has no 
effect on oxyhemoglobin in solution at pH 8.2 within half an hour; but 
it produces too sudden a reaction to be plotted on the scale adopted at 
pH 6.2 and 5.2. The experiments further show that according to the 
relative amounts of oxyhemoglobin and of nitrite used and the pH value, 
the reaction occurs at a definite time; and since something must be happen- 
ing during the time interval it may be taken as an indication of a measure 
of activity. For the reaction to commence at a fixed time, it appears 
that as the pH diminishes the concentration of nitrite must be reduced 
according to a geometrical progression. Thus to begin 1 minute after 
mixing there is required at pH 9.2, m/25 nitrite; at pH 8.2, m/120 nitrite; 
at pH 7.2, m/625 nitrite; at pH 6.2, m/3000 nitrite; and at pH 5.2, m/16,000 
nitrite. The equivalent geometrical progression of a -f- ur -f- ar® or® 
. . . ar", where a — 25 and r - 5, is 25, 125, 625, 3125, 15,625. A similar 
progression was found for a lag of 8 minutes. The association may be 
fortuitous but it emphasizes the great effect of pH; and the occurrence of 
a lag in the reaction suggests that nitrite does not act as such in trans- 
forming oxyhemoglobin to methemoglobin. 

In this connection it is noteworthy that the velocity reactions of organic 
nitric esters (methyl nitrate, ethyleneglycol dinitrate, nitroglycerin) do not 
show an induction period. The curve of o.xyhemoglebin transformation 
produced by them is similar in form to that of the hydrolysis of an ester. 

Stationary Phase 

Darling and Houghton (11) say that, “The action of nitrite on hemo- 
globin is extremely complicated. It varies with the molecular ratio of 
nitrite to hemoglobin, pH, presence or absence of Oj and reducing agents, 
and possibly with other factors. Amongst the products of reaction 
found under varying conditions in vdtro are methemoglobin, NO-hemo- 
globm and NO-methemoglobin.” Our investigations suggest that the 
only compounds, apart from hematin and disintegration products not 
characteristic of nitrite 'action, are methemoglobin, acid or alkaline or 
a mixture of the two according to the pH, and, if the nitrite is in sufficient 
amount, nitric oxide hemoglobin. The nitric oxide methemoglobin de- 
scribed by Anson and Mirsky (12) as resulting from the action of nitric 
oxide on hemoglobin was not obtained by the action of nitrite; nor was 
the transient nitric oxide methemoglobin discovered by Keilin and Har- 
tree (13) or the methemoglobin nitrite complex mentioned by Barnard (7). 
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The effect of nitrite was studied by varying one of the interacting 
factors of the possible combinations~thc concentration of nitrite, of 
H ion, and of oxyhemoglobin — the other two being kept constant. 
The mixtures were prepared in the same way. A suitable solution of 
sodium nitrite was diluted to the required strength in the buffered solu- 
tion employed and then the requisite amount of oxyhemoglobin solution 
was added. The mixture was well shaken and set aside in a corked vessel 
for at least 18 houis. The normalities given are those of the final mixtures. 

Fig. G illustrates the effect of m/10,000 sodium nitrite and m/12,000 
sodium nitrite on a concentration of 0.17 per cent oxyhemoglobin at 
neutrality. The stronger nitrite solution has produced practical!)' com- 
plete conversion to methcmoglobin, while the weaker nitrite still shows a 
con.siderable amount of o.xyhemoglobin, si/10,000 nitrite was too much 
for 0.13 per cent oxyhemoglobin. For a concentration of 0.26 per cent 



Fia. 6. Effect of (Curve A) m/ 10,000 and (Curve B) m/12,000 sodium nitrite on 
0.17 per cent oxyhemoglobin in neutral solution. Ordinates, absorption coefficients; 
abscissae, wave-lengtlis in m^. 


oxyliemoglobin m/GOOO sodium nitrite was necessary' for complete con- 
version; m/8000 sodium nitrite showed a fair quantity of oxyhemoglobin. 
For 0.33 per cent oxyhemoglobin m/GOOO sodium nitrite was insufficient 
and m/4000 sodium nitrite sufficient for convereion to methemoglobin. 
The oxyhemoglobin solutions in these experiments were made by di^ 
solving a known weight of moist crystals in the solvent, drying a weighed 
portion of the same batch to constant weight in a desiccator over sulfunc 
acid, and calculating the strength of the solutions from the data, 
a molecular weight of 16,700 is assumed for hemoglobin, corresponding to 
a content of 1 atom of iron, the e.xperiments suggest that the complete 
reaction of nitrite and oxyhemoglobin at these concentrations and p 
vs approximately molecular, a concentration of 0.17 per cent oxy emo 
clobin requiring a concentration of m/10,000 sodium nitrite. ' e o no 
wish to stress this molar relationship, although it has apparently 
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accepted by several workers (Barcroft and Muller (14), Van Slykc and 
Vollmund (15), Vestling (16), von Issekutz (17)). Other investigators 
have found different ratios. Meier (18) regards it as molar onl}"- at pH 5; 
at neutrality he found 5 moles necessary for a complete change. Austin 
and Drabkin (19) give 0.5 to 0.7 mole of nitrite as effective in converting 
1 mole of oxyhemoglobin; and Greenberg, Lester, and Haggard (20) 
also conclude that 0.5 to 0.6 mole of nitrite is sufficient but on an assump- 
tion that our experiments on reaction velocities do not seem to justify. 
If any molar relationship exists in this primaiy action of nitrites, it can 
only apply to what we have termed the stationary period and to specified 
conditions. 

The studies on reaction velocities previously described show that the 
smaller the pH the less the nitrite required to change the oxyhemoglobin. 
This result was constant in the many absorption curves taken at various 
pH values. With minimal quantities of sodium nitrite for complete 
change of oxyhemoglobin to methemoglobin, the curves showed mereb' 
varying proportions of acid and alkali methemoglobin. At pH 6.2 onl}’ 
acid methemoglobin was formed; at pH 9.2 only alkali methemoglobin; 
at pH 7.2 and 8.2 both acid and alkali methemoglobin were formed, the 
acid methemoglobin predominating at pH 7.2 and the alkali methemoglo- 
bin at pH 8.2. In unbuffered solutions the concentration of the o-xy- 
hemoglobin, owing to the slight acidit}’’ of this substance, plays a part; 
m/ 10,000 sodium nitrite added to solutions of 0.26, 0.56, and 1 per cent 
crystalline oxyhemoglobin in tap water was found to show an increasing 
amount of acid compared with alkali methemoglobin. 

Diffusion Experiments — Some diffusion experiments wliich we made 
also show the great differences in the amount of sodium nitrite utilized at 
different pH values. 150 cc. of a strong solution of oxyhemoglobin in 
a parchment tube were dialyzed against 200 cc. of m/1000 sodium nitrite 
solution, pH 6.3. The changes in the oxyhemoglobin were watched with 
the spectrophotometer. After 1 hour a trace of methemoglobin had been 
formed; after 22 hours most of the oxyhemoglobin had been converted to 
methemoglobin. The concentration of nitrite in the outer solution 
was, at 1 hour, m/1500; at 22 hours, m/60,000. The outer solution was 
then replaced by fresh m/1000 nitrite. In 3 daj's the concentration of 
nitrite had been reduced to m/5000 and pure methemoglobin had formed. 
No further change in the pigment or in the concentration of nitrite due to 
dialj'sis occurred. Unfortunately the notes do not give the concentra- 
tion of o.xyhemoglobin in this e.vperiment but it can be stated that the 
quantity of nitrite utilized was less than a quarter molecular. In two 
other experiments in which 10 cc. of a 20 per cent solution of oxyhemoglobin 
were placed in diffusion shells, which were put into 20 cc. of m/50 sodium 
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nitrite buffered to pH 9.5 and 10.5 respectively, the following changes 
occurred: at pH 9.5, balanced state in 22 hours; concentration of 
nitrite m/80; no further change: at pH 10.5, equilibrium not quite reached 
in 46 hours; concentration of nitrite at that time m/70; balanced state 
reached in 70 hours; concentration of nitrite then m/80. In these two 
experiments 1.06 gm. of oxyhemoglobin had dissipated, at pH 9.5, 0.01194 
gm. of sodium nitrite in 22 hours; at pH 10.5, 0.01132 gm. of sodium 
nitrite in 70 hours. Approximately 3 moles of nitrite had been utilized 
in each case. As the mi.xture at pH 9.5 showed unexpectedly some acid 
methemoglobin, the pH of the solution was taken; on the 6th da}' it was 
8.3. That of the mixture at pH 10.5 had fallen to 9.8. 

Relative Execss of Sodium Nitrite — li\Mth quantities of sodium nitrite 
much greater than are necessary to form methemoglobin at the pH of 
the mixture, an effect on the protein moiety of the hemoglobin, some 
destruction of the pigment and some formation of nitric oxide hemo- 
globin occur. Owing to these effects less methemoglobin is formed by 
large concentrations of sodium nitrite than by small. This result is 
shown in Fig. 7 which illustrates the effect of m/10,(X)0, m/1000, and m/100 
' sodium nitrite in producing acid methemoglobin from oxyhemoglobin in 
.solutions at pH 7.2 and 6.2. m/100 sodium nitrite is seen to form less 
methemoglobin than m/1000 solution at both pH values. In solution 
at pH 0.2 this concentration forms even less methemoglobin than m/10,000 
sodium nitrite. 


The effect on protein and the destruction of pigment are not material 
to this paper but the formation of nitric oxide hemoglobin is of importance. 
In the absence of a reducing agent approximately m/100 sodium nitrite 
is required to produce demonstrable quantities of nitric oxide hemo- 
globin from o.xyhemoglobin. Nitric oxide hemoglobin is stable from 
pH 5.2 to 9.2. According to Drabkin and Austin (21) it is stable within 
the long range of pH 3.4 to 11.2. Since nitric oxide hemoglobin was 
only produced after tlie addition of much larger amounts of nitrite than 
were nccessar}' to form methemoglobin, it seemed not improbable that 
the nitric oxide hemoglobin resulted from the action of excess of nitnte 
on the methemoglobin it had previously formed. This idea led to a study 


of the action of nitrite upon methemoglobin. 

A solution of methemoglobin was made by adding a solution of potassium 
ferricyanide to a solution of oxyhemoglobin and dialyzing against 
water to remove excess of ferricyanide. The effect of m/10 and m/10 
sodium nitrite at pH 7.2 is seen in Fig. 8. Some transformation to mtnc 
oxide hemoglobin has occurred. But even in m/10 nitrite a considerable 
amount of methemoglobin remains unaffected. Concentrations muc 
smaller than m/100 nitrite have no effect at pH 7.2; so this concentre lo 
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Drabkin’s and our results. We doubt, however, whether the difference 
noted b}' Gamgee would apply to the crystallized oxyhemoglobin of the 
different animals; and it is to ciy'stallizcd ox oxyhemoglobin that the 
curves of this paper refer. 

Reversible Reactions ^Equilibria arc not uncommon in blood reactions. 
With^ nitrites they can be obtained for a time near neutrality, best on the 
alkaline side, with pigments having no dissociable oxygen. The effect 
of strong solutions of nitrite on mcthemoglobin has been referred to. 




Fig. 8. Effect of (Curve A) xi/100 sodium nitrite and (Curve B) m/10 sodium nitrite 
on a solution of mcthemoglobin at pH 7.2. Curve C shows the absorption curve of 
the mcthemoglobin solution before the addition of the nitrite. Ordinates, absorp- 
tion coefficients; abscissae, wave-lengths in m;j. 

Fig. 9. Curve A, effect of excess of sodium nitrite on a solution of NO hemoglobin 
after standing 24 hours. Curve B, NO hemoglobin solution used. Ordinates, 
absorption coefficients; abscissae, wave-lengths in van. 

Fig. 9 shows the effect of excess of nitrite on nitric oxide hemoglobin. 
The nitric oxide hemoglobin was prepared by exhausting a solution o 
oxyhemoglobin, washing with nitrogen, passing nitric oxide ^ ® 
solution, and driving out the residual nitric o.xide with nitrogen. iS- 

shows the formation of some mcthemoglobin 24 hours after the a i ion 
oi the nitrite, demonstrating that the action is reveraible. It is com 
parable with the action of a similar concentration of nitrite on oxy emo 
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Effect of Reducing Agents 

By the combined use of sodium nitrite and almost any substance which 
mil reduce oxyhemoglobin to hemoglobin, nitric oxide hemoglobin may 
be produced. Haldane, Makgill, and Ma\Togordato ( 5 ) and Hartridge 
( 6 ) employed ammonium sulfide. We have generallj’^ used sodium hydro- 
sulfite (Na2S204). It was important to know how this salt interacts 
mth nitrites, but a search of the literature provided little information. 
According to Lidoff ( 23 ), in acid solution hydroxylamine and a gas are 
formed. Meyer ( 24 ) found no reaction whatever to occur in alkaline 
solution, except in the presence of air when, with KNOi, a small quantit}^ 
of potassium amido sulfonate crystallized out; in acid solution reduction 
to nitrous oxide occurs. Gehlen ( 25 ) found that alkaline N’aiS204 reacts 
mth nearly 6 moles of NO to yield NaoS03-N!02, Na^SOi, 2 ^ 3 - 803 ■N2O2, 
nitrous oxide, and some nitrogen but no products in which hydrogen is 
directly attached to nitrogen. 

Action of NaiSiOiOn NaNOi — ^The reaction between these salts is stronglj' 
''exothermic. The addition of 5 gm. of Na 2 S 204 to 1 gm. of NaNO- in 5 cc. 
of water caused a rise of temperature to 70 ° in 2 minutes. For the first 
2 minutes after mixing, the reaction of the mixture was acid; about the 
3 rd minute it became neutral and later distinctly alkaline, reaching pH 9 
or more. Small bubbles of gas, probably nitrous oxide, often formed and 
impure sodium sulfite and sulfate crystallized. The mother liquor con- 
tained NaN 02 , NaOH, and, often for some days, unaltered Na2S204. 
If the mixture of NaNOz and Na2S204 is kept cool during the reaction, the 
alkalinity at its termination is less; and the reaction is somewhat different 
if the mixture contains sufficient magnesium sulfate to prevent alkalinity. 

That a complex reaction occurs is suggested by the behavior of a mix- 
ture of NaNOz and Na2S204 with Benedict’s solution. This reagent is 
reduced at room temperature by Na2S204 but the addition of a little 
NaNOz inhibits the reaction. If, however, just sufficient NaOH is added 
to the Benedict’s reagent to change the color to ultramarine blue, much 
larger quantities of NaNOz can be added to Na2S204 without destroying 
its reducing action in the cold. 

The formation of nitric oxide by the action of Na:S204 on nitrite may 
be shown by gasometric estimations and by the reaction with ferrous 
sulfate. WTien NaNOz is shaken with a dilute mineral acid, NO is gradu- 
ally given off. If a little Na2S204 is added to the solution, gas (in this 
case a mixture of NO, NzO, and possibly some Nt) is liberated more readih', 
but with increasing quantities of Na:S204 the amount of gas given off 
graduallj' diminishes until with approximately equimolecular quantities 
of NaNOz and Na2S204 no gas or only a small quantity of nitrous oxide 
is liberated by dilute acid. 
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An increased pressure of nitric oxide can be demonstrated by ferrous 
sulfate, even in slightly alkaline media. Thus if NajSjO^ is added to a 
1 per cent solution of FeS 04 and the mixture made slightly alkaline, the 
addition of a crystal of sodium nitrite causes a brown coloration before 
further changes occur. Or the interaction of NaNOj and NajS 204 may 
be followed by adding a dilute ferrous solution to the mixture at intervals. 
With equal weights of the salts the brown coloration will be found to 
diminish within 1 minute after mixing and gradually to become less and 
more delayed. But it is obtained well into alkalinity, although for ob- 
servation it may be neccssarj' to filter off the ferrous hydroxide formed. 
Some increased pressure of NO can be demonstrated whether the sodium 
nitrite or the sodium hyposulfite is in excess. 

It is probable that other reducing agents capable of changing o.xyhemo- 
globin to hemoglobin also facilitate the liberation of an increased pressure 
of NO from NaNOj, since they produce nitric oxide hemoglobin in com- 
bination with nitrites. Sulfides, however, are somewhat peculiar and re- 
ceive separate consideration below. 

Action on Blood — ^\Vhen a freshly prepared mixture of NaNOs and 
Na»S 20 < in solution is added to a suitable dilution of blood, the first change 
is to hemoglobin but in the course of a few minutes the plum color of hemo- 
globin gradually changes to a rose-red and spectroscopically the single 
band of hemoglobin is seen to be divided and to be unaffected by the 
addition of excess of Na:Ss 04 . Nitric oxide hemoglobin has been formed. 
If the two substances are added separately, the final product is the same. 
When nitrite is added first and methemoglobin is formed, there is primarily 
reduction to hemoglobin and then the change to NO hemoglobin as before. 
Since NO hemoglobin is relatively insensitive to variations in pH, the 
reaction is obtained over a wide range, though not with the same facility. 
Alkalinity diminishes the pressure of NO formed and consequently slows 
down the reaction. Even on the acid side of neutrality differences are 
observed. Brooks (2G) found that, “The times for 50% change of re- 
duced haemoglobin to NO-haemoglobin with the experimental conditions 
used were very roughly 10, 4 and 1 min. at pH 5.66, 5.38 and 5.15 respec- 


tively and 15° C.” . , 

Action of Sidfidcs — ^^Vhen ammonium sulfide is added to a solution o 
blood containing sodium nitrite, the first change, as Garagee ((1) ^ ' 

observed, from the methemoglobin formed is to oxyhemoglobin, then o 
hemoglobin which at first can be readily oxidized again by shaking witn 
air. Finally a change to NO hemoglobin occurs, a result Gamgee did no 
describe. With freshly prepared ammonium sulfide the NO heinog o m 
formed seemed to be relatively pure; and it did not seem V 

proportions of nitrite and ammonium sulfide were employed. In y 
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influenced the rate of the reaction and to a slight extent the final concen- 
tration of NO hemoglobin. 1 drop of ammonium sulfide induced the 
changes in several cc. of a solution of blood saturated vdth NaNO; and 
excess of anamonium sulfide produced the same changes on blood con- 
taining just suflBcient nitrite to convert it to methemoglobin. According 
to Gamgee, Stokes’ reagent produces the same changes as ammonium 
sulfide. Our experiments record distinct differences. The reduction 
to hemoglobin is more rapid and the premous formation of oxyhemoglobin 
is less distinct and less easily obsen'ed; and on shaking with air, after 
hemoglobin has been formed, the oxyhemoglobin remains unreduced for 
a much longer period of time. 

The change to oxyhemoglobin is not obtained with Na:SiO< or other 
reducing agents; nor is' the methemoglobin formed b3' potassium ferri- 
cyanide, quinone, acids, and other agents converted through oxyhemo- 
globin to hemoglobin by ammonium sulfide or other reducmg substances. 
By the careful addition of small quantities of a reducing agent to a met- 
hemoglobin solution two weak bands can usually be produced which 
almost certainly are due to a small concentration of oxj’hemoglobin, the 
oxygen having been obtained from such extraneous sources as the dis- 
solved air in the methemoglobin solution. Schmidt ((22) p. 228) obtained 
two weak bands on passing hydrogen through a methemoglobin solution 
but not if the hydrogen had been passed through an alkaline pj'rogallol 
mbcture. The oxyhemoglobin bands in the case of ammonium sulfide 
reduction of blood containing nitrite are much more intense, a fact which 
suggests that the necessarj’' oxygen probably comes from the nitrite itself. 
This view is supported by the reaction of leucomethjdene blue to the 
presence of nitrite in blood. If a crystal of sodium nitrite is added to a 
solution of blood containing a small quantity of leucomethjdene blue 
(produced by adding the proper amount of Na:S:Oi to a solution of methyl- 
ene blue), a marked blue color soon develops about the crj’stal. The 
action is not coimected with anj’’ peroxidase activity; cj’anides do not 
interfere with the’ action. The result indicates that atomic oxygen is 
available; but, since nitrites also accelerate the reduction of oxjdiemo- 
globin to hemoglobin by ammonium sulfide, the whole sj'stem would 
appear to have become more labile. In the presence of ammonium sulfide 
experiments with leucomethylene blue proved indecisive, probabh' owing 
to secondarj'- actions. 

Bure sodium sulfide does not induce the same reactions as ammonium 
sulfide on nitrited blood. For blood, sodium sulfide is an unsatisfactory 
reducing agent. In concentrations which produce hemoglobin from oxy- 
hemoglobin it is very slow in action, and somewhat larger concentrations 
carrj’ the reduction to reduced hemochromogen. The addition of nitrite 
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slightly nccclcrtitGs und intensifies the lost nnined change but seems to 
have no other action. This somewhat puzzling reaction of ammonium 
sulfide with nitrited blood was not further investigated, but it is interesting 
to note that it only occurs with ammoniacal reducing agents (ammonium 
sulfide and Stokes’ reagent), and ammonia, as will be shown later, has 
an inhibiting effect on the action of nitrite on blood. A mature of am- 
monia and Na 2 S 20 <, however, did not produce the sequence of changes. 


Effect of Oxidizing Agents 

It will be sufficient to consider the effect of potassium ferricyanide. Its 
action on blood differs from that of nitrites ((16) p. 446) and comparison 
must be limited to the formation of methcmoglobin. Points for con- 
sideration are the following, (a) Potassium ferricyanide liberates oxygen 
quantitatively when added to blood. Nitrites do not liberate oxygen, 
(b) Ammonium sulfide changes nitrite-produced methemoglobin primarily 
to oxyhemoglobin but does not have this effect on ferricyanide-produced 
methemoglobin. (c) Ammonia scarcely interferes ■with the action of 
ferricyanide on blood, but markedly inhibits the action of nitrites, (d) 
The reaction of H 2 O 2 with methemoglobin produced by ferricyanide differs 
from that with methemoglobin produced b^-^ nitrite, (e) The spectro- 
scopic changes which may be observed when a properly apportioned 
mixture of nitrite and HCN is added to blood arc not seen with a mixture 
of ferricyanide and HCN. 

Gasomctric Estimations — Gamgee’s careful analyses showed no absorp- 
tion of oxygen when nitrites acted on blood ((1) p. 601). Von Zeynek 
(27) found no o.xygen given off. Meier ((18) p. 255) investigating the 
gaseous changes in acid, neutral, and alkaline solutions of hemoglobin udth 
1, 10, 100, and 1000 molar quantities of nitrite found that with the liigher 
amounts no oxygen was given off, and that no change occurred in the gas 
volume when the mixture, was neutral or alkaline. In acid mixtures he 
obtained a slow evolution of oxygen — the reaction could not have taken 
more than a few minutes — amounting, for a complete change to methemo- 
globin, to a quarter of the available oxygen of the o.xyhemoglobin. From 
this experiment he suggests that the reaction at pH 5 is 

4HbOj + 4 HNO 2 + 2HjO = 4HbOH + 4HNOi -f Oj 

Haurowdtz (28) had previously suggested that methemoglobin formed by 
nitrite was produced by oxidation according to the equation 


2 HNO 2 = HjO + 2NO + O 

Recently Greenberg, Lester, and Haggard ((20) p. 670) have stated that in 
four determinations by the micro gasometric method of Roughton and 
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Scholander, with no excess of tdtrite, a liberation of 0.80, 0.77, 0.79, and 
0.80 mole of oxygen per mole of hemoglobin occurred, presumably in 
neutral solution. Meier (18) had employed 1 mole of NaN02, having 
found 0,5 mole insufficient to convert oxyhemoglobin to methemoglobin 
even at pH 5. For the reaction with 0.5 mole of NaNO; Greenberg, 
Lester, and Haggard suggested the following equation. 

NOr + 2HbO NO,- + HbaO + O, 

This equation shows the liberation of half the available oxygen of the 
oxyhemoglobin. In the many estimations we have made with Haldane’s 
apparatus with different kinds of blood at varying pH the changes of gas 
volume have been slight. When 1.3 gm. of o.xyhemoglobin were treated 
Mth a little more than an equimolecular quantity of NaNOz, only 0.1 cc. 
of gas was developed at pH 5.2 and 0.05 cc. of gas at pH 7.2. MTien 
saturated solutions of NaNOj were used, some absorption of gas occurred. 
In two large scale experiments in which the oxygen was estimated by ab- 
sorption in alkaline pyrogallol no material absorption or evolution of 
oxygen was found. In one case the oxygen content of the enclosed air 
was, after 3 hours, 20.9 per cent; in the other it was 20.8 per cent after 
5 hours; in both experiments excess of nitrite was used. We, therefore, 
cannot admit that the equation of Haurowitz or of Meier or of Greenberg, 
Lester, and Haggard represents the primary action of nitrite on blood. 

Effect of Ammonia on Nitrite Action — ^Ammonia has an inhibiting effect 
on the action of nitrite on blood and in some respects alters the reaction. 
The effect is well seen by comparing the actions in ammonia and sodium 
bicarbonate solutions. Usually m/100 NaNOj in 5 per cent NallCO, 
solution Avill induce changes in the oxy’'hemogIobin of human blood added 
to it mthin I minute; but m/3 NaNO- in 0.15 per cent ammonium hy- 
droxide dilution causes only slight darkem’ng of the blood after mixing and 
the oxyhemoglobin bands can be obseiamd for manj’ hours. Eventually 
some methemoglobin, possibly some NO hemoglobin, and degradation 
products are formed. m/30 NaNO: in 0.05 per cent ammonium h 3 'droxide 
dilution produces similar changes. 

Blood added to the strongest ammonia solution shows no immediate 
changes. In 5 minutes traces of hematin can be detected and almost 
complete conversion to it and to commencing further degradation produets 
occurs within an hour. Methemoglobin is not formed. If strong ammonia 
solution is diluted with 1 or better more volumes of water prior to adding 
the blood, alkali methemoglobin. and, with relativel}’ weak concentrations 
such as 5 per cent, some acid methemoglobin occur as a transitoiy product. 
Human blood added to the strongest ammonia solution .saturated with 
NaNOj reacts as with ammonia solution alone; and blood, added to 3 per 
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cent ammonium hydroxide dilution saturated ■svith sodium nitrite, under- 
goes no obvious immediate change. After several hours there is some 
general absorption of the spectrum but the oxj-hemoglobin bands are still 
t\-ell marked. Gradually the blood pigment is precipitated as hematin. 

Ammonia solution does not inhibit the formation of nitric o-xide hemo- 
globin when nitrite is added to a solution of reduced hemoglobin. It 
even appears to accelerate it slight^'. 

Effcds of Hydrogen Peroxide — If a small amount of nitrite is added to 
a solution of blood and methemoglobin obtained, the addition of a very 
small quantity of hydrogen peroxide will cause the brownish colored 
solution to pass through a dirty amethyst color to an olive-green, li the 
change is watched -with a spectroscope, the methemoglobin band in the 
red region will be found to disappear ver>' quickl)-, the farther band in 
the green will be seen to fade more slowij*, and, concurrently, there is a 
strengthening of the band about the D line imtil it becomes the only 
band in the spectrum. If the correct amount of hydrogen peroxide for 
the nitrite and blood has been added, this band may be observed for an 
hour or more, but generally it dissipates, leaving behind a slight general 
absorption. If, when the green stage has been reached, Xa^S-Oi is added 
to the solution, the color becomes purer green, and the band about the D 
line disappears and is replaced by an intense band in the position of the 
methemoglobin band in the red. Soon two faint bands develop about 
the position of the oxj'hemoglobin bands." They are probably due to the 
formation of a small concentration of NO hemoglobin. All the bands are 
frurly permanent and are uninfluenced by further additions of Na:S:04 
or bx'' adding strong ammonia solution; and they will .'•ear NaOH to 
the production of alkalinity but are destroyed by excess. The changes 
are obtained if the NaNO- and H;0: are mixed prior to being added to 
the blood. The reaction is not always successful and the optimal conditions 
for even one kind of blood were not determined. How'ever, if 0.5 cc. of 3 per 
cent H:0. is added to 10 cc. of m/10 NaNO; and 0.5 cc. of the mixture is 
added to 10 cc. of 2 per cent blood dilution (say of pH 6), the change may 
usual!}’ be observed. The amounts of NaNOj and H-O* required depend 
upon the pH of the solution of blood. It is essential that the quantify of 
NaNO; added be sufficient to convert the ox}*hemoglobin to methemo- 
globin; the amount of H-O: necessaiv* is relatively small. The reaction 
is more difficult to obtain with increasing pH but there was eridence o i 
at pH S and in a saturated solution of NaHCOj. With these higher p 
mixtures stronger reagents, c.g. 6 per cent hydrogen peroxide m M/ 


sodium nitrite, are needed. - 

The small amount of hydrogen pero.xide required and the nec^t} 
conversion of the oxyhemoglobin to methemoglobin sug^t that t 
compound formed is simUar to the compounds of peroxide with methem 



W. MARSHALL AND C. K. MARSHALL 


203 


globin described by KeUin and Hartree (29). But the mtrite product 
differs from, these in having only one absorption band, in being more 
lasting, and in reacting differently with Na^SjOi. Peroxide methemo- 
globin prepared from potassium ferricyanide is reconverted to methemo- 
globin by minute amounts of Na 2 S 204 and to hemoglobin by further 
additions. Methemoglobin solutions produced by quinone or by acids 
are merely reoxidized by the addition of HjOj. And it is interesting that 
organic nitric esters do not give the reaction, the addition of H 2 O 2 to a 
solution of methemoglobin produced by methjd nitrate or by etl^lene- 
glycol dinitrate forming 'oxyhemoglobin when the peroxide is in sufficient 
amount; minute quantities seemed to be without actiom Nitrite mhi its 
the catalase action of blood; organic nitrates do not. Keilin and Hartree 
(29) found that catalase interfered with the formation of peroxide met- 


hemoglobin compounds. ... . 

Effect of (7i/antde— Cyam'de added to nitrited blood solutions foims 
cyanmethemoglobin, as cyanide will when added to methemoglobin 
solutions however produced. But the nitrite reaction is pecu lar in pa 
the reaction through methemoglobin to cyanmethemoglobin can be 
followed spectroscopically, which is not the case with anj ot er me 
hemoglobin-forming substance tried. If blood is added to a properly 
proportioned mixture of NaN02 and HCN, the methemog 0 in an in 
the red wUl be seen to appear, in perhaps half a minute, and gradually 
disappear, leaving the single broad band of cyanmethem^lobin. The 
sequence may only be observed within a limited range of HCN concen- 
tration which in all cases is small. The observations were made over 30 
years ago and only two records can now be found, n one experimen 
0.1 cc. of 2 per cent HCN was added to 4 cc. of m/SO NaNO- and 1 cc. 
of 30 per cent ox blood added to the mixture. The red band of metbenio- 
globin appeared in 30 seconds, increased in intensity for ^ / 

began to diminish at the 2 minute interval, and a nrtrlorl 

minutes. In the second experiment 0.1 cc. of 2 per cent i v as 
to 20 cc. of 30 per cent blood and 1 cc. of the mixture ^ ^ . 

4 cc. of m/80 sodium nitrite. The red band appeared m 30 sccon^, 
rapidly increased for 20 seconds, and then diminishe , a . 

red band had almost disappeared. Minimal quantities o - , 

cause a slight delay in the formation of methemog 0 m n'lcinr 

with a control having the same concentration of nitrite. ^ j 

concentrations of HCN the duration of the appearance o r -1 j 
Was more transient and when the concentration nas su cicn , 

appear. That this sequence is not obtained v it i po assium ^ \ ■ 

we believe is due to a difference in the mode of formation 0 ' rea^ction. 

by the two substances and not to a difference in t ic r e oci j ° , i v- 
An interesting change may be obser\'cd when the ejanm * r. » 
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best in slightly alkaline solution, is reduced with Na2S204. Two well 
marked bands similar to oxyhemoglobin bands but closer together and 
nearer the violet end of the spectrum appear. They are better defined, 
denser, and also nearer the violet end than the bands of NO hemoglobin; 
the solution of the pigment is relatively insusceptible to further additions 
of Na:S204 and to variation in pH. It is, however, unlike NO hemo- 
globin, graduall3' changed to hemoglobin by the continued action of 
Na2S204. 


Mode of Action 

The action of nitrite on blood is not a simple ion action attributable 
solely to N 02 ~. It is essentially an action of partly undissociated nitrous 
acid. This is a relatively weak acid and aqueous solutions of its alkali 
salts are mildly alkaline. The varying activity of nitrite on blood vith 
varying pH described in the section on velocity reactions seems com- 
patible with the probable hydrolysis. Loew ( 30 ) and later Bokomy ( 31 ) 
found nitrites poisonous only to vegetable cells and tissues having an acid 
■sap and concluded that nitrous acid was the active factor. In the animal 
body Loew suggested that the conversion occurred under the influence 
■ of the bicarbonate of the blood which in turn is changed to carbonate. 
Masoin ( 8 ) found that the intravenous injection of sodium carbonate 
or bicarbonate notably diminished the symptoms of nitrite poisoning. 

The action of nitrous acid is of two kinds, one associated with the 
hydrolysis of N2O4, which in a reaction with blood results mainly in the 
production of methemoglobin, and one associated with the action of NO 
and the production of NO hemoglobin. The first action is inhibited by 
ammonia; the second is not. The latter action is the simpler and will 
be considered first. Undissociated nitrous acid exerts a pressure of NO 
which is perceptible even in alkaline solutions, and it is this pressure, 
aided by an increased pressure resulting from the hydrolysis, which leads 
to the production of NO hemoglobin whenever reduced hemoglobin is 
formed. Reduced hemoglobin has a great aflinity for NO and, over a 
considerable range of pH, combines with it even under very slight pressure 
of NO. The e.xtent of reduction to hemoglobin is the limiting factor in 
the production of NO hemoglobin from nitrite alone. With freshly pre- 
pared solutions of NaNO” concentrations considerably in excess of those 
required to produce methemoglobin are necessary to form appreciable 
amounts of NO hemoglobin. As NO hemoglobin cannot be formed in the 
presence of readily available oxygen, when oxyhemoglobin is the starting 
point, conversion to methemoglobin (to exclude such oxygen) is e®sentia . 

It has been shown that the concentration of nitrite necessary to fom 1 
hemoglobin is the same for oxyhemoglobin and for methemoglobin, so 
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that the production of NO hemoglobin by the action of nitrite on oxy- 
hemoglobin would seem to be an effect on or through the mediation of 
methemoglobin. The effect of m/ 100 sodimn nitrite on methemoglobin 
is seen in Fig. 8. Larger concentrations of nitrite produce a larger fraction 
of NO hemoglobin (c/. m/10 NaN02 in the same figure) but methemo- 
globin cannot be wholly transformed to NO hemoglobin by the action of 
NaNOj. To this end the aid of a reducing substance is necessary. 

AVhen a reducing agent is added to a solution of NaNOj, the system 
becomes much more mobile and the pressure of NO is increased. The 
oxyhemoglobin is reduced and conditions become favorable for the forma- 
tion of NO hemoglobin. When sufficient reducing agent is present to 
change the o.xyhemoglobin to hemoglobin, complete transformation to 
NO hemoglobin may occur. The pressure of NO need be but small, 
since more of it will be liberated as it is taken up by the hemoglobin. 
Brooks ((26) p. 381) has shown that, “In the presence of a reducing agent 
1 mol. NaN 02 changed completely one equivalent reduced haemoglobin 
to NO-haemoglobin at pH 5.15-6.63,” and “In the absence of both oxygen 
and a reducing agent 1 mol. NaN 02 combined with two equivalents re- 
duced haemoglobin to give one equivalent NO-haemoglobin and one 
equivalent methaemoglobin.” 

It seems probable that in the absence of a reducing agent the reaction 
cannot occur without traces of oxygen being present. In early e.vperi- 
ments wth nitric oxide it was our custom to collect sufficient of the 
gas over very dilute NaOH solution for a day’s experiments. On one 
occasion the gas had to be left for some weeks. On analj'sis the gas then 
proved to be mainly nitrous oxide. Thus a dissociation, 2NO — + N20 -f- 0, 
seems to occur. The accident led to some experiments in which definite 
quantities of o,xygen were added to the nitric oxide before it was shaken 
Avith a solution of blood, mainly to ascertain the tolerance of blood to 
the mixture. The effect of the oxygen was solely to form increased quan- 
tities of methemoglobin. NO hemoglobin prepared from blood reduced 
by pumping and subsequent washing with nitrogen shoAvs a sharpening 
of the bands Avhen small amounts of Na 2 S 204 are added to it. This result 
Avhich is probably due to the presence of traces of methemoglobin in the 
preparation has also been noticed by Sclunidt (22). 

The formation of NO hemoglobin is a consecutiA-e action. Tlie primarj" 
nction of nitrite on blood is the formation of methemoglobin, acid met- 
hemoglobin only at pH 6.2 and alkali methemoglobin only at pH 9.2. 
The action is generally associated AAdth oxidation, bat it is not accom- 
panied by the liberation of oxj’gen. Conant and Fieser (32) seem to 
*^6ard the first stage in the formation of methemoglobin as a reduction 
to hemoglobin, but if this AA’ere the case in the action of nitrites avc should 
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expect NO hemoglobin to be formed owing to the affinity of hemoglobin 
for nitric oxide, a pressure of which must be present in the mixture. 

Man 3 ' investigations have been made on the kinetics of nitrous acid, 
the most comprehensive having been by Abel and Schmid (33) who also 
give the preidous literature. Thej’' show that the accepted equation, 
SIdNOs = H'*' + NOj” + 2 NO + HjO, occurs in two steps, the first rep- 
resented by 4HNO2 ^ N204 + 2 NO + 2H2O being very rapid. They 
further find that the kinetics of the decomposition of nitrous acid are 
solely the kinetics of the reaction between nitrogen tetroxide and water, 
the rate of decomposition being that of the hydrolysis of nitrogen tetroxide, 
+ H2O HNO2 + + NOr. 

The kinetics of the reactions of nitrous acid in the presence of oxy- 
hemoglobin are still more complex but our experiments seem to have 
followed the course that might have been expected from Abel and Schmid’s 
investigations. The experiments on reaction velocities appear explicable 
only on the supposition that nitrous acid is the active factor. The pri- 
mary action cannot be due to the nitric oxide factor and must be ascribed 
to the nitrogen tetroxide moiety. The induction period suggests that 
autocatalytic processes are at work, the hj'drogen ion acting as positively 
catalytic and the nitric oxide pressure and hydroxyl ion as negatively 
catalytic; and it is probable that the oxyhemoglobin, possibly in part by 
increasing the hydrogen ion concentration, is also a participant in proc- 


esses occurring in the inductive period. 

The second stage in the kinetics of nitrous acid, the production of 
equilibrium, was found by Abel and Schmid to be a relativlj' slow process. 
It is also relatively slow when nitrite is added to a solution of blood on the 
alkaline side of neutrality. The kinetics of equilibrium involved in the 
complete production of methemoglobin are not the same as those of the 
initial period. It has been shoum that if the length of the induction 
period is taken as an indication of acti\rity, even if latent, the quantity 
of sodium nitrite required to transform 'the oxjffiemoglobin at various pH 
values can be represented by a geometrical progression and if plotted 
shows an acute curve with a sharp rise on the acid side of neutrality. 
If, however, the quantities of sodium nitrite just sufficient to change ox^ 
hemoglobin to methemoglobin independent of time are plotted, the grap 
tends to be linear. The following varied examples support the • 
(o) The limits of concentration of NaN02 for production of determinable 
changes on blood are for pH 5.2 m/50,000, for pH 8.2 m/10,000, lor p 
m/2000, (b) The absorption coefficient at X 630 mp (bands in the ye ov- 
green cannot be used for this purpose) of m/10,000 NaN 02 on a ffilutea 
mother liquor from oxyhemoglobin crystals was for 2 per cent 1. , 

1 per cent 0.98, for 0.5 per cent 0.42. (c) The absorption coefficiei^t at 

X raO ma for the action of m/12,000 NaN02 on a solution of o.xyhemoglobin 
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(0.5 per cent mother liquor) was at pH 6.2, 0.46,- at pH 7.2, 0.24; at pH 
8.2, 0.12. (d) The action of the following concentrations of NaNOj 
on a solution of 0.33 per cent oxyhemoglobin crystals at neutrality showed 
absorption coefficients at X 630 m/i for m/16,000, 0.26; for m/SOOO, 0.47; 
for m/4000, 0.60; for m/2000. 0.74. 

When excessive quantities of NaNOj are used, other factors are involved. 
There are an increased dissociation and hydrolysis and an increased 
pressure of NO with the formation of some NO hemoglobin. There is 
also an increase in the production of acid methemoglobin which is of 
theoretical interest. If 1 mole of NaNO- will wholly convert 1 mole of 
oxyhemoglobin to methemoglobin, wh 5 ’' is it that many moles of nitrite 
at the same pH ndll produce more acid methemoglobin? The point is 
illustrated in Fig. 7. The curves are those of 0.26 per cent oxyhemoglobin 
crystals with which solution m/6000 NaNOj is equimolar. This strength 
of NaNOa was not used in this e.xperiment but it would certainly have 
fallen far short of the absorption caused by m/1000 NaNO^ in the neu- 
trality graph (Fig. 7, 1, B). At pH 6.2 (Fig. 7, 2) m/10,000 NaNO- should 
produce complete change of the oxyhemoglobin; yet it is markedly ex- 
ceeded in absorption by m/1000 NaNO*. These experiments suggest 
that 'with increased concentration of nitrite there develops in o.x}’hemo- 
globin solution, possibly under the influence of the oxj’hemoglobin, an 
increase in the concentration of the nitrous acid formed, e^^en in buffered 
solutions, and a consequent increase in hj'drolj'’sis of N-Oi. These and 
other experiments described seem to us to raise doubts as to the value of 
any equation purporting to explain the primarj' action of nitrite on blood. 
The consecutive action, the formation of NO hemoglobin, may be a 
bimolecular reaction which may be formulated but the formation of 
methemoglobin is certainly more complex. 

The hydrolyzed nitrous acid acts upon the globin of the hemoglobin 
molecule but not to any material extent when equimolar quantities or 
less are employed. It has a somewhat greater effect upon the proteins of 
whole blood; and, as previously mentioned, it inhibits in largo mca.surc 
catalase activity. 

Sodium nitrite has been used as a t^q^e of soluble inorganic nitrite. The 
action of amjd and other organic nitrites has not been mentioned. 0\ring 
to their hydrolysis in contact with water, their effect on the blood is solely 
that of the nitrous acid thus formed; and as their hydroh’sis is varialjle, 
they did not prove helpful in elucidating the action of nitrites. 

StraiXLARY 

The action of nitrite on blood shows an induction period, a rc.actionaiy 
period, and a stationary period. 

The action, it is suggested, is due to h 5 ’drolyzed nitrous acid, the primaiy 
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effect being the formation of methemoglobin which results from the 
hydrolysis of nitrogen tetroxide. Its action is inhibited by ammonia. 

The foi-mation of NO hemoglobin is a consecutive action resulting from 
the action of nitric oxide on reduced hemoglobin. It is facilitated by the 
presence of reducing agents which increase the nitric oxide pressure and 
cause reduction of the oxyhemoglobin or methemoglobin. 

Some differences in the reaction of nitrite and of other substances pro- 
ducing methemoglobin are described. 

The effect of sodium hj'drosulfite on sodium nitrite is considered. 
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The time for reaching the thermal steady state is ordinarily the factor 
which limits the rapidity with tvhich a determination of osmotic acti\dty 
can be completed by means of Baldes’ modification (1, 2) of Hill’s vapor 
tension method (3). In practice, a delay of 15 to 30 minutes or more after 
drop deposition ensues from this source, depending mainly upon the type of 
solution being measured (4, 5). The purpose of this paper is to present (a) 
a calculation indicating that a steady state should establish itself in less 
than 1 minute, (6) the experimental verification of this calculation, and (c) 
the application of this result to the more rapid determination of osmotic 
activity over a wide range of concentrations. 

In the following account, familiarity ■\\ill be assumed on the part of the 
reader wth the Hill-Baldes method, excellent descriptions of which are 
available (1-7). 

Calculahon of Time Course of Establishment of Thermal Steady State — 
Consider a drop of a given solution on the thermocouple loop initially at the 
same temperature as the bath and moist chamber, the filter paper lining the 
latter being -wet ■\\ith water. The rate of change of the temperature of the 
drop is given by 

m 

d{T ~ Tf) dt (1) 

dt C 

in nhich T is the absolute temperature of the drop. To is the absolute tem- 
perature of the bath and moist chamber, dll/dt is the algebraic sum of heat 
gain and heat loss, and Cis the heat capacity of the drop, taken to be equal 
in calories to the volume of the drop in cc. For the rates of heat gain and 
heat loss respectively one can substitute the following approximate expres- 
sions given by Baldes (2, 4)* 

' All the assumptions and approximations of Baldes (4) are retained In addition 
It has been assumed that the rate of change in temperature of the drop is flow com- 
pared with the rates at which the diffusion process adjusts itself to conditions in the 
drop (S). 
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^ 4irLD (Po — P))To 
PPo 7*0 — r 

dH -AtHT - T^tto 

BS ' ■ - — I 

dlioti ro — r 


to obtain 


ArLDCPo — P)7To 4Tt*(r — 2’o))To 

d(T-Tc) RT,(ro-r) ro- r 



i”’ 

in which L is the molar latent heat of vaporization, D is the coefficient of 
diffusion of water vapor through air, Po is the vapor pressure of wafer at 
To, P is the vapor pressure of the drop at T, r is the radius of the drop, ro is 
the radius of the moist chamber, R is the imiversal gas constant, and k is the 
thermal conductivity of air. 

For (Po — P) one can further substitute Po[5 — a{T — Po)], where 5 is the 
coefficient of depression of vapor pressure of the drop due to its solutes, and 
a is the temperature coefficient of vapor pressure of the drop at Po; and by 
factoring and simplifying the following is arrived at. 


On integration and suitable manipulation this yields 

kRTo 

— (ro — rlr’fiPo 


t 


3ro(hDPoa -{■ fchPPo) 


In 


a + 


1 - 


LDPo 


(P - Po) 


( 6 ) 


the constant of integration having been evaluated by assuming that at t - 
0, (P - Po) = 0. 

The steady state temperature difference (P — Po) at t = « is thus seen to 
be 

* (7) 


(P - Po). 


a + 


kRT„ 

LDPo 


which is identical with the expression for the steady state temperature di^ 
ference obtained by Baldes by equating the expressions for heat loss an 
heat gain. If x is the fraction of the steady state temperature difference 
attained at any time t, i.e. (P — Po)/(T — To)„, then 

S (Q) 

(P — Po) =■ ®(P — Tt)„ = X 

“ LDPe 
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and expression (6) can be written as 

t = — A logio (1 — x) (9) 

in which 4 is a constant which has the value 

^ 0.766r»(r, - r) RTo 

r„ (LDPca + kBTtd 

When X is 0.90 (90 per cent of the steady state attained), t becomes equal to 
A ; when a; is 0.99, i is equal to 2 A ; when a; is 0.999, / is equal to 3.4 , etc. 

Since the experimental observations to be reported on the rate of steady 
state attainment w'ere made at 27°, wdth a chamber of 1.2 cm. radius and a 
drop of about 0.09 cm. radius, it is of interest to calculate A for this particu- 
lar set of conditions. The following values w-ere substituted in e-xpression 
(10). r = 0.09 cm.; ro = 1.2 cm.; R — 8.3 X 10~’ ergs per degree per mole; 
To = 300; L ~ 1.04 X 10^ calories per mole; D = 0.26 sq. cm. per second; 
Po — 3.56 X 10‘ dynes per sq. cm.; a = 5.9 X 10~^; andi = 5.7 X 10"® cal- 
ories per second per cc. per degree. A was found to be 20.2. Therefore, 
under the conditions in question, by prediction, about 20 seconds should be 
required for the drop to reach 90 per cent of its steady state temperature, 
and about 40 seconds to reach 99 per cent of its steady state temperature. 
At 20°, A becomes 27.5, and at 37.5°, it is 13. Drop size also has an impor- 
tant influence. So long as ro is large compared with r. A is nearly propor- 
tional to r-, but relatively independent of ro. 

Experimental Determination of Rate of Attainment of Thermal Steady 
State — In the usual procedure for determining osmotic activity by means of 
the Hill-Baldes method, certain disturbing influences operate to prevent 
rapid establishment of the steady state. The principal disturbing in- 
fluences are those which arise from the circumstance that, during certain 
steps in the procedure, the solutions being compared are exposed to thermal 
conditions different from those prevailing in the therm oregulated moist 
chamber. These steps are drop deposition, placement of the thermocouple 
in its moist chamber, and (in the case of some types of chamber) removal of 
the moist chamber from the ivater bath. To follow the time course of 
steady state establishment in the absence of these extraneous factors the 
special apparatus shown in Fig. 1 and described in the accompan3Tng legend 
was emploj'ed. The w^ater bath was prordded with windows so situated as 
to alloAv observation of the moist chamber and its contents. The galvanom- 
eter in the thermocouple circuit was a Leeds and Northrop tj^pe HS with a 
rated sensitivity of 0.05 microvolt per mm. at 1 meter and a free period of 9 
seconds. When necessarj^ the sensitimty was reduced bj' an appropriate 
resistance in parallel. 

The following procedure was adopted. The needle and dropping equip- 
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ment were filled with the solution whose rate of steady state establishment 
was to be observmd. The reference solution (the same as that lining the 
moist chamber) was deposited in the ordinary way on one thermocouple 



Fio. 1 . Schematic sketch of special chamber and dropping apparatus. A, microm- 
tcr burette; B, ureteral catheter; C, gloss adapter; B, hypodermic needle soldered 
into chamber; E, rubber tubing enclosing wires lending from thermocouple to 
galvanometer; F, set-screw permitting adjustment of rotation of thermocouple about 
its vertical axis; G, screw permitting adjustment of height of thermocouple in the 
chamber; H, brass sleeve; I, briiss tubing to which thermocouple is attached; J, 
thermocouple lead wires; K, rubber gaskets; i, attachment of thermocouple stem to 
lead wires; hi, glass wall of chamber (this is lined with filter paper in which small 
holes were cut for making the thermocouple visible); E, thermocouple reference 
junction; 0, brass floor of chamber (also covered with filter paper); P, brass brace 
with screw for scaling chamber. 

loop, the other loop under the needle remaining empty. After the solution 
in the needle had been drawn up away from the needle tip, the thermocouple 
unit was enclosed in the moist chamber, and the latter immersed m 
the water bath. Sufficient time was allowed for the moist chamber and its 
contents to come to temperature equilibrium with the bath. At this junc- 
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ture the galvanometer was switched into the thermocouple circuit. By 
manipulations of the micrometer burette, a drop of the solution in the needle 
was transferred under direct vision to the empty loop, and the time couree 
of the galvanometer deflection recorded. The galvanometer zero remained 
quite constant during the time of a given observation so that no significant 
error resulted from failure to employ the reversing switch. 

Results for a series of trials with sodium chloride solutions at 27°, and 
drops with a radius of about 0.09 cm., are shomi graphically in Fig. 2. Also 



Fig. 2. Rate of attainment of thermal steady state’ with XaCI solutions at 27 °. 
The special dropping apparatus was used. 

included in Fig. 2 for comparison are curves representing theoretical expec- 
tations from expression (9), and those for the time course of the galvanom- 
eter deflection when the galvanometer was switched into the thermocouple 
circuit after the steady state had already been established, under verj’ simi- 
lar circumstances. 

^ It will be noted that the steady state is, indeed, reached under these con- 
ditions in approximately 40 seconds. 

It will also be observed that the time course of thermal .steady state es- 
toblishment is essentially the same whether the temperature of the drop is 
increasing (positive galvanometer deflection) or decreasing (negative 
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ment were filled witli the solution whose rate of steady state establishment 
was to be observed. The reference solution (the same as that lining the 
moist chamber) was deposited in the ordinary way on one thermocouple 



Fio. 1. Schematic sketch of special chamber and dropping apparatus. A, microm- 
eter burette; B, ureteral catheter; C, glass adapter; D, hypodermic needle soldered 
into chamber; E, rubber tubing enclosing wires leading from thermocouple to 
galvanometer; F, set-screw permitting adjustment of rotation of thermocouple about 
its vertical avis; G, screw permitting adjustment of height of thermocouple in the 
chamber; H, brass sleeve; 1, brass tubing to which thermocouple is attached; J, 
thermocouple lead wires; K, rubber gaskets; L, attachment of thermocouple stem to 
lead wires; ilf, glass wall of chamber (this is lined n-ith filter paper in which sma 
holes were cut for making the thermocouple visible); N, thermocouple reference 
junction; 0, brass floor of chamber (also covered with filter paper); P, brass brace 
with screw for sealing chamber. 

loop, the other loop under the needle remaining empty. After the solution 
in the needle had been drawn up away from the needle tip, the thermocMp e 
unit was enclosed in the moist chamber, and the latter immerse m 

the water bath. Sufficient time tvas allowed for the moist chamber an i 

contents to come to temperature equilibrium with the bath. At t is junc 
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retical ones, it appears reasonable to conclude that the observations lend 
further support to the validity of Baldes’ analysis of the thermoelectric 
vapor tension method. Moreover, the results, aside from their theoretical 
implications, justify evaluation of the method as a more rapid means for 
measuring osmotic activity. 

Rapid Determinalion of Osmotic Activity over Wide Range of Concentra- 
tions — ^The manipulation and delays involved in the use of the dropping 
apparatus preclude its application to a rapid procedure. Instead, a moist 
chamber which does not require removal from the water bath during drop 
deposition was employed (see Kg. 3) in connection with the usual mani- 
pulating chamber and glass pipettes for drop deposition. The time for 



Fjq. 4. Galvanometer deflection as a function of concentration for NaCl solutions. 
The readings were begun about 5 minutes after the drop deposition. Small chamber; 
bath temperature 37.5°; 157 him NaCI as standard. 

carrying out a determination of osmotic activity by the customary’ procedure 
was reduced by (1) shortening the interval between drop deposition and 
galvanometer reading to one slightly longer than that necessary for steady 
state establislunent, and (2) elimination of drop reversal, correction for 
asymmetry being made from the calibration deflection on the assumption of 
a constant asjmmetry deflection. 

The precision of this "rapid method" may be indicated by the data pre- 
sented graphically in Fig. 4. Obsen'ations were made on sodium chloride 
solutions up to a concentration of SOO mxi (per kilo of wafer) against a 
standard of 157 mw at 37.5°. The galvanometer was raad approvimately 4 
minutes after drop deposition, a complete determination requiring about 5 
minutes. It was found that the relationship between deflection and con- 
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centration was essentially linear, and that the average deviation of a single 
determination from the mean of seven determinations at the 800 mM level 
was 15 mM. Similar results were obtained when readings were begun 1 
minute after drop deposition. 

With concentration differences of this magnitude, the rate of change of 
drop size due to net water transfer may be quite appreciable. For example, 
under the conditions in question, at the 800 mM level, the decrease in ap- 


Table I 

Error of "Rapid Method" for Sweat Samples 
The values arc in mw of NaCI per kilo of water. 


Sample Ko, 

Osmottc ttCliWty 

Routine procedure 

Rapid method 

Error of rapid method 

1 

49 

53 

4 

2 

CS 

CS 

0 

3 

6S 

69 

1 

4 

71 

74 

3 

5 

87 1 

89 

2 

6 

8S 

90 

2 

7 

89 

84 

-5 

8 

89 

SS 

-1 

9 

92 

94 

2 

10 

95 

94 

-1 

11 

98 

98 

0 

12 

98 

98 

0 

13 

104 

104 

0 

14 

I 104 

103 

-1 

15 

105 

108 

3 

XG 

117 

118 

1 

17 

131 

130 

-1 

IS 

144 

144 

0 

19 

153 

154 

1 

20 

159 

154 

-5 

21 

171 

171 

0 


parent osmotic activity amounted to 14 mM in 10 minutes. Consequently , 
regardless of whether or not the "rapid method” is employed, it is necessary 
under such circumstances to make readings after a standard time interval 
subsequent to drop deposition. 

The accuracy of the “rapid method” may be evaluated by comparing 
measurements obtained by this method with those obtained by the i^ua 
or routine procedure, the latter requiring about 1 hour complete with drop 
reversal. Such a comparison for samples of human sweat determine a 
37.5° in 5 per cent carbon dioxide in oxygen has been made in Table I. 
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will be noted that, over a range of 120 mM of sodium chloride, the maximmn 
discrepancy between “rapid method” and routine values was only 5 mM and 
the average discrepancy about 1.5 mM. 

The rapid method is especially suited to the measurement of the osmotic 
activity of urine, the body fluid which physiologically exhibits the greatest 
range of variation in solute concentration. The precision and accuracy 
obtained in determinations on urine appear to be similar to those indicated 
above. 


SUMMARY 

1. At 27° and with NaCl solutions, the thermal steady state is established 
in the Hill-Baldes apparatus in approximately 40 seconds. This result is in 
agreement with a calculation based on Baldes’ analysis of the thermoelectric 
vapor tension method. 

2. A procedure is suggested for the use of the Hill-Baldes apparatus as a 
more rapid method of determining osmotic activit 3 ’^ over a wide range of 
concentrations such as is encountered in sweat and urine. 

We are indebted to Mr. William Kubicek and Dr. J. hi. Reiner for check- 
ing the derivation presented, and to Dr. Austin Henschel and Dr. Henrj' 
Taylor for collection of the sweat samples analyzed. 
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At ordinary room and body temperatures the vapor pressure of pure D:0 
is less than 90 per cent of that of HjO (1). It is not surprising, therefore, 
that when HjO is placed on one junction of a thermocouple in Baldes’ modi- 
fication (2, 3) of A. V. Hill’s vapor tension apparatus (4), and a mbcture of 
DjO and H 2 O on the other junction, the galvanometer deflection indicates 
the D 2 O-H 2 O drop to possess a higher temperature, corresponding to a lower 
vapor pressure, than does the H 2 O drop (5). As the D 2 O leaves the D 2 O- 
H 2 O drop by diffusion to become distributed uniformly in all the water of 
the thermocouple moist chamber, the process of equilibration can be fol- 
lowed continuously by observation of the galvanometer deflection. The 
purpose of the present paper is to characterize quantitatively the behavior 
of D 2 O-H 2 O mixtures in the Hill-Baldes apparatus with particular reference 
to the applicability of the latter to the determination of D 2 O concentration. 

Methods and Apparatus 

The apparatus employed was similar to that described by Baldes and 
Johnson (3). The type of moist chamber employed is illustrated in a pre- 
vious paper ((6) Fig. 3). To deposit drops of a uniform size, a micrometer 
burette to which was attached a hypodermic needle (gage 22 to 24) was 
employed. The bevel of the needle was removed and paraffin or stop-cock 
grease applied to the outer portion of the tip to prevent creeping of the drop. 
Time was measured, by stop-watch, from immediately' before beginning of 
exposure of the drop at the tip of the needle. About 10 seconds elapsed 
until the theimocouple was in place in the moist chamber, the latter being 
in the water bath continuously. Since, when tlie galvanometer was 
switched into the thermocouple circuit, the deflection varied with time, and 
since a reversing switch was employed to correct for changes in the gah anom- 
eter zero position, the procedure -for making the galvanometer rending 
requires description. Simultaneously, at an appropriate time, witli noting 
of the galvanometer reading (Ri), the reversing switch wa.^ thrown and a 
second reading (R.) taken when the deflection had attained its maximum in 
the .opposite direction. By means of the reversing switch, the deflection 
w’as made to resume its original direction and a third reading ((fj) ob.ser\ 
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The inten^al between Ri and Rs was usually 20 seconds. The difference 
between R 2 and the average of Ri and Rt was taken to be the deflection cor- 
responding to the average of the times at ivhich readings Ri and % respec- 
tively were made. 

Unless otherwise specified, the observations to be described were made at 
a bath temperature of 33° with air as the gas phase. Calibration of the 
deflections for conversion to apparent vapor pressure lowering or apparent 
osmotic pressure in terms of the molality of an ideal solute (osmolality) was 
by means of known NaCl solutions, the osmotic coefficient of a 0.1 molal 
NaCl solution being taken as 0.932 (7). 



Time in second* oftcr drop exposure 

Fiq. 1. Typical time-course of deflection curve. 20.14 per cent DjO rcrstwHiO. 
Drop size 2.2 c.ram. by burette. Solid circles arc readings taken with HsO oa the 
walls of the moist chamber; open circles are readings with 20.14 per cent D*0 on the 
walls of the moist chamber. Bath temperature 3.^'. 

Results 

General Observations — Fig. 1 shows the typical time course at the galva- 
nometer deflection after H 5 O is placed on one, and DiO-HiO.on the other, 
junction of the thermocouple. For some of the trials the filter paper 
the walls of the thermocouple moist chamber was moistened tvith HzO, w 1 e 
in others the walls were moistened with the DjO-HjO mixture. It w ® 
noted that for both sets of conditions the magnitude of the deflection a anj 
given instant was not demonstrably different. Thee.vitof DiOfmm a rop 
of DjO-HaO placed in an HaO environment and the entrance of Da 
DaO-HaO environment into an HaO drop appear to have similar tune c ara 
teristics. In the remaining experiments to be discussed, the wa s w 
moistened wdth HaO. 
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A linear relation was found to obtain between time after drop deposition 
and the logarithm of the galvanometer deflection, as illustrated by Fig. 2; 
that is to say. 


where D is the deflection, i is the time, and A: is a constant. If D 
is a measure of D 2 O concentration in the drop, the interpretation of expres- 
sion (1) is that the rate at which D 2 O escapes from the drop at any given 



Fig. 2. Relationship between the logarithm of the deflection (e.xpressed as ap- 
parent osmotic activity) and time after drop exposure for DtO-HsO mi.xtures up to 
10 per cent D-0. Bath temperature 33”. Drop siie approximately 2.2 c.mm. For 
each concentration only one drop was employed and the drop size was only appro.xi- 
mately uniform, since deposition was with an ordinar 3 ' glass pipette (e.vcept for the 
10 per cent sample). 

instant is proportional to its concentration in the drop at that instant, k 
then signifies the fraction of the total DjO present in the drop which leaves 
per unit time, and can be evaluated from the slope of lines such as those in 
2. At 33° and a drop size of 2.2 c.mm., k is 0.0044 per second. Each 
157 seconds, the DjO concentration of the drop was reduced by one-half, 
and complete equilibrium with water in the chamber occurred apparently 
at the end of about 20 minutes. That the entire drop, and not just an exter- 
nal film or shell, was free from D 2 O was shown b.y the following procedure. 
Drops of 99 per cent D.O were deposited (with HjO on the reference junc- 
tion) and the deflection followed until it had reached zero, indicating ap- 
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parent equilibration of the drop DiO xvith the chamber water. When the 
drop originally containing 99 percent DjO was now removed and re- 
deposited with a small glass pipette, the deflection still remained at zero. 
Moreover, the size of the drop had not altered grossly and measurements 
accurate to about 10 per cent did not demonstrate any such alteration. At 
38° and a drop size of 2.2 c.mm., apparent drop D-O concentration fell more 
rapidly than at 33°, halving every 120 seconds. The effect of drop size was 
only semiquantitativeb' that anticipated from the change in the relationship 
between drop surface area and volume, since with decrease in drop size there 
was observed a disproportionately large increase in rate of DjO loss. 



Fiq. 3. Relationship between deflection (expressed as apparent osmotic activity) 
and initial DiO concentration at the indicated times after drop exposure, as derived 
from the data in Fig. 2. 

Other factors (drop size, time after drop e.xposure, bath temperature, 
moist chamber and its gas phase) rcmtdning constant, the apparent orotic 
pressure of DaO-HiO drops appeared to be an essentially linear function of 
the initial DiO concentration, at least up to 10 per cent DjO. Such a rela- 
tionship is shown in Fig. 3 for readings made 0, 140, and 250 seconds after 
drop e.xposure. More properly, the apparent osmotic pressure or 
pressure lowering should have been related to the mole fraction of R 
rather than to its per cent by rveight; but in the concentration range con- 
cerned these two are nearly proportional to one another. The values for zero 
time, before any DjO escape had transpired, were obtained by extrapola lon. 

The apparent vapor pressure lowering or apparent osmotic pressure a 
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Table I 


Precision of DiO Determinations by Hill-Baldes Apparatus 
Samples of the same "group” were examined on the same day with comparable 
galvanometer sensitivities. The precision for NaCl solutions is included for com- 


parison (concentration of aCl in molality) . 
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* These have been calculated on the basis of the total deflection which would have 
fcsulted had HjO been used on the reference junction. 


zero time per 1 per cent DjO was equivalent to an osmolality of 0.064: ± 
0.003 (<r distribution), trials separated by several months being included in 
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this distribution. The equivalent concentration for the 1 to 10 per cent 
DjO range, calculated from the vapor pressure of DHO (1) on the assump- 
tion that the vapor pressure of DjO-HjO mixtures is directly proportional 
to the mole fraction of DjO, is approximately 0.066 molal. It may also be 
added that some observations made with the special dropping apparatus 
and chamber described elsewliere (6), permitting readings within 65 seconds 
of, and minimizing disturbances during, drop deposition, yielded a value of 
0.065 molal. 

Application to Measurement of DsO Concentration — In view of the above 
results an attempt was made to evaluate the applicability of the Hill-Baldes 
apparatus as a method for determining DjO concentration. Data on the 
precision of the method are contained in Table I. With uniform drop de- 

Table II 


Apparent Osmotic Activity of Solution of NaCl in HiO-DA) Compared with That of 
A'aCl in H‘0 and of H-O-DiO Alone 
The values are given in molality of NaCl. 


Time ttlltr drop 
exposure 

Apparent osmotic activity 

0.1003 NaCl in HiO 
(<■) 

Approximately 

3 Mr cent DsO 
(6) 

Sum of (o) + (W 

0>tOOS NaCl ia 
appf0ximM^^3 per 

tee. 





130 

0.101 

0.071 

0.172 

0.173 (Total) 

250 

0.101 

0.042 

0.143 

0.142 

370 

0.102 

0.020 

0.128 

0.126 

1500 

0.100 

0.000 

0.100 

0.101 


* In this series 0.101 molal NaCl in HtO was used ns the reference solution. 


position by the micrometer burette and a standard (2 to 4 minute) time 
interval between drop deposition and beginning the galvanometer reading, 
the average deviation of a single reading from the mean varied from ap- 
proximately O.I per cent DjO at the 3,51 per cent level of DjO concentration 
to approximately 0.2 per cent D-O at the 10.0 per cent level. This pre- 
cision is, to be sure, exceeded by the falling drop method (8), but to t ose 
who have access to the Hill-Baldes apparatus, the latter affords arapi 
means for an approximate DjO determination on a minute amount o 
material. Also, to the extent that the lack of precision is due to the rate at 
which the deflection changes with time, the precision could be improve y 
lowering the bath temperature and increasing the drop size, the latter a so 
having the advantage of increasing the accuracy Avith AA-hich relative rop 
size is knoAA’n. The maximum precision at present attainable avi i u 
aqueous solutions, about 0.001 molal, presumably limits that attamam 
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with DjO-HjO mixtures. At zero time, when the deflection per unit D 2 O 
concentration is maximum, this corresponds to about 0.015 per cent D 2 O. 

The present method has the advantage of permitting, at least under some 
circumstances, the elimination of the combustion and distillation processes 
involved in the density methods. Thus, from a series of determinations 
(see Table 11) with 0.101 molal NaCl solutions, it appears that the contri- 
butions of NaCl and D 2 O to the apparent osmotic activity are additive, and 
that the behavior of D 2 O is uninfluenced by the presence of the salt. Con- 
sequently, an adequate correction can be made for the NaCl contributions 
simply by measuring the osmotic activit}' after the D.O has escaped com- 
pletely from the drop. 


DISCUSSION 

The theoiy of the steady state condition of the Hill-Baldes vapor pressure 
apparatus has been given by Baldes (9). This is of particular interest in the 
study of the effect of a non-volatile solute, such as a salt, on the vapor pres- 
sure of water, in which a steady state is rapid ly attained. 

With a volatile solute the steady state is not attained until the solute has 
become uniformly dispersed throughout the apparatus. This is the case in 
the experiments described here on D 20 -H 20 mixtures. 

The complete theoiy of the apparatus would become rather complex, if it 
were desired to take into account the full details of the diffusion process and 
thermal flow in both the liquid and gas phases. Fortunately this does not 
seem necessary so far as the present experiments are concerned because of 
two simplifying circumstances: (a) the drop size is quite small, the drop 
volume being 2.2 c.mm., and the radius consequent!}' about O.OSl cm., and 
(5) the diffusion coefficient of D.O in H.O is fairly large at the temperatures 
used (4 X 10~® sq. cm. per second) (10). Due to this the diffusion of the 
D 2 O molecules witliin the drop appears to be sufficiently rapid to justify 
taking the D 2 O concentration as uniform within the drop, at least as a first 
approximation. The drop may also be assumed to be in quasistatic thermal 
equilibrium at any instant. The limiting factor determining the process 
is then the diffusion through the gas phase. 

The observed temperature rise of the drop may be considered as a small 
result of other larger effects. First, there is the compensation between the 
loss of D 2 O and the gain of H 2 O by the drop. If the whole apparatus were 
filled with H 2 O, the loss and gain from the drop would exactly balance, but 
m the present case there is a small excess deposition of H 2 O senung as a 
source of heat. Secondly, the added heat leads to compensating effects, 
us is discussed by Baldes (9). Most important of these is the increase in 
vapor pressure due to the increased drop temperature, and the transfer of 
heat away from the drop by thermal conduction in the gas phase. It is 
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interesting to observe that in the attainment of the steady state condition 
of these compensating effects the first {i.e., increased vapor pressure) is the 
dominant factor. If the gas phase were a thermal insulator, then in the 
example discussed bj' Baldes the equilibrium drop temperature would be 
raised from 0.067® to 0.09®, an increase of 42 per cent. The most important 
effect of the rise of drop temperature is therefore to tend to annul the inward 
diffusion of H-O bj' raising the vapor pressure at the drop surface. 

The significance of these statements is to bring out the fact that even in 
the transient condition, which is present in these experiments, the rate of 
change in the temperature of the drop is slow compared with the rate at 
which the diffusion process adjusts itself to the conditions at the drop; i.e., 
to the drop temperature and D.0 content. If this was not the case, then 
the instantaneous drop temperature could not be related in any simple way 
to concentration, nor would it be feasible to apply the steady stale formula 
to the non-steadj' state as has been done by Lifson and Lorber (6). 

On the basis of this procedure, it is not difficult to obtain an estimate of 
the rate of D«0 loss from the drop for comparison with the observations 
described above. On the assumption of spherical sj’mmetrj’’ for the drop, 
the diffusion equation in the gas phase is 


DaWr aATr 
3r’ dl 


n < r < ro 


( 2 ) 


n being the radius of the drop, ro that of the outer container, and N the 
concentration of D-O. D is the diffusion coefficient of DsO m the gas phase. 

We must also consider certain boundaiy conditions at the surface of the 
outer container, as well as at the surface of tlie drop. For the former we 
use A"" = 0 at r = ro. 

For the latter a more indirect aig;ument must be used. Considering the 
surface of the drop as an energj' barrier, the usual arguments of iinetic 
theory suggest that we take A’L = yN+ where N- is the concentration o 
DjO inside the drop, and N+ — N(ri) is that just oidstde the drop. The 
factor y can be estimated from the vapor pressure of pure DjO. 

We therefore set down the boundarj’ conditions at r = n. 


r,dN- (4) 

3 


Equation (4) expresses the continuity of the flow of DjO across the surface 

of the drop. . . 

A certain reduction in equations (3) and (4) can be made bj' wn g 


diV- _ /W\ ^ 3C/ 

dl “ T,\arjr-r, 


(S) 
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Combining this with the diCfusion equation we get 

\3iA_r, ri\3r»/,_,^ ri-v\3rA_r, 


from which 



^ 9 r\ 9 r Y 

( 7 ) 

Let us*now try a solution of the general form 



N{ril) = ti(r)«"“ 

(8) 

A solution for.«(r) which fits the boundary condition at r = ro is 



’•^1 

es ^ — — . . 1 ■ . ■ — — 

r 

( 9 ) 

where A = constant. 

To fit the boundary condition at the surface of the drop we have 


h . 

-758m 

r r- n 3 sin J /A (ro - n) 



ri 

(10) 

which reduces to 



2’ — 1^1 + X cot rpj = 0 

(11) 



(12) 


From this equation we are to find the values of k corresponding to the 
special solutions of our problem. The final solution is then a linear sum of 
special solutions with coefficients adjusted to fit the initial conditions. 
These initial conditions at f = 0 are such that 

NM = 0 for n < r < m 

^-N” for r = n 
y 

where iVl is the initial concentration of DjO molecules in the drop. 


( 13 ) 
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We need not carry through the complete determination of this solution if 
ive limit ourselves to a study of conditions after the diffusion process is es- 
tablished in the gas phase; i.c., if we neglect the behavior within the first 
few seconds after the experiment is started. The leading term of the series 
has a time dependence given by c“**‘ where h is the lowest positive root of 
equation (11). 

The general solution of the transcendental equation (11) is not easy. 
But if we take account of the numerical values appropriate to this problem 
we have l/y ~ 1.66 X 10~®, /3 ~ 0.105, so that the equation becomes in 
numerical form 


i’ - [1 + 0.007X cot O.lOSi] = 0 (14) 

The positive roots of this equation are verj' nearly 1, 30, 60 . . . , of which 
onlj’ the first is of interest to us. 


Table III 

I'olucs of k and T {"Half Life Time") for D^O in HtOifrom k = SD/yrl, at Various 

Temperatures 

D was taken os 0.25 sq. cm. per second and fi as 0.081 cm. 


Temperature 

L 

y 

t 

T 

•c. 




20 

1.4S X 10-‘ 

1.37 X 10-> 

505 

30 

2.G3 

2.44 ! 

284 

40 

4.48 

4.15 

167 

50 

7.37 

6.83 

102 


The lowest root for k thus is closely 


30 

yr] 


(15) 


^e can estimate y numerically from the repression 

1 density of saturated D»0 vapor 
y density of liquid D:0 

With the approximate values D — 0.25 sq. cm. per second, and r = 0.081 
n., the value of k has been computed from formula (15). In this ^ 
2 t the values found in Table III for k, and the corresponding "half hfe 
me” as a function of temperature. „ 

These are to be compared with the measured values of k of 0.0044 a 
nd 0.005 at 38°, corresponding to half life times of 157 and 120 secon s 
espcctively. Moreover, the formula predicts a mean drop o ° • 

seconds per degree between 30-40°, while the measurements give ^ 

degree between 33-38°. This is considered to be veiy satisfacto y 
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agreement and it serves to substantiate the interpretation that the galva- 
nometer deflection at any given time actually is a measure of the instantane- 
ous DjO concentration. 

It may be also pointed out that DjO is a special case of a volatile solute, 
and it may be reasonably expected that the general considerations ivhich 
obtain for it should hold for other volatile solutes as well. 

SUMMARY 

The behavior of drops of D 2 O-H 2 O in the Hill-Baldes apparatus has been 
characterized quantitatively. 

The relationship between the logarithm of the galvanometer deflection 
and time after drop exposure was observed to be linear. Extrapolation of 
this relationship to zero time yielded a value for the vapor pressure lowering 
(apparent osmotic pressure) of a 1 per cent D 2 O solution corresponding to 
that of a 0.064 molal solution of an ideal solute. In the chamber employed 
the deflection was reduced bj' one-half, for each 157 seconds, when the bath 
temperature was 33° and the drop size was 2.2 c.mm. 

The relationship between initial D 2 O concentration and deflection at a 
given time after drop exposure appeared to be linear up to 10 per cent of 
D 2 O. 

The precision of the apparatus in the determination of D 2 O in D 2 O-H 2 O 
mixtures is such that the average deviation of a single reading from the 
mean is about 0.1 per cent D 2 O at the 3.51 per cent D 2 O level, and about 
0.2 per cent D-O at the 10 per cent D 2 O level. 

The measured osmotic activity of NaCl and apparent osmotic activity of 
D 2 O seemed to be additive. 

There is a satisfactory agreement between (1) the time rate of loss of 
D 2 O from the drop as calculated from theoretical considerations and (2) the 
observed time rate of decline of the deflection. This, together with certain 
other observations, supports the interpretation that the deflection at any 
given time is a measure of the D 2 O concentration in the drop at that time. 
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THE EFFECT OF INGESTED CHOLINE ON THE TURNOVEE OF 
PLASMA PHOSPHOLIPIDS* 


Bt H. D. FEIEDLANDER, I. L. GHAIKOFF, and C. ENTENMAN 
{From the Division of Physiology, University of California Medical School, Berkeley) 

(Received for publication, December 4, 1944) 

By the use of labeled phosphorus (P’^) it was shotvn that ingested choline 
speeds up the rate of phospholipid turnover in the liver (1). Betaine had 
a similar action, but its effect was less pronounced than that of choline (2). 
As a result of these and other findings (3, 4) it was pointed out in 1939 that 
phospholipid synthesis by the liver is an important intermediary step in 
the removal and deposition of liver fat. This view is in keeping with the 
more recent observations of Boxer and Stetten (5), who have sho^vn with 
the aid of isotopic (N^®) choline that the rate of incorporation of new 
choline into phospholipids of the body is retarded during choline depriva- 
tion. 

The present investigation deals with another phase of the action of 
choline on phospholipid turnover as measufed by the over-all reaction 
involving the conversion of inorganic phosphate to phospholipid. The 
additional amounts of radiophospholipids formed under the influence of 
choline do not long remain in the liver; in the rat they make their appear- 
ance in the liver as early as 3 hours after a single feeding of choline but are 
no longer there 10 hours later (1). The fate of these extra amounts of 
radiophospholinid formed under the influence of choline is considered here 

EXPEHIMENTAL 

For various periods before the injection of radioactive phosphorus 
or choline, dogs weighing 10 to 15 kilos were fed a high fat, low protein 
diet consisting of 38 per cent lard, 8 per cent casein, 44 per cent sucrose, 2 
per cent sardilene,^ 3 per cent brewers’ yeast,' and 5 per cent Cowgill’s salt 
mixture (7). Each dog received 10 gm. of this mixture per kilo per day, 
and, unless otherwise noted, this amoimt was fed once daily at 12.00 noon. 

Choline and radioactive phosphorus were administered by stomach tube; 
at this time the dogs were in the postabsorptive state, ha^dng ingested 
their last meal approximately 18 hours before. As noted below, each dog 
received radioactive phosphorus on two occasions separated by periods of 
9 to 10 weeks; at one of these times choline was fed 30 minutes before the 
P”. Each dog received 300 mg. of choline chloride per kilo of body weight 

* Aided by a grant from the Lederle Laboratories, Inc. 

' The vitamin contents of the preparations have been recorded elsewhere (6). 
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dissolved in 60 cc. of distilled water, niiereas labeled phosphorus was ad- 
ministered as 10 cc. of an isotonic solution of NajHPO^ containing approxi- 
mately 0.5 millicurie of During the 100 houre after the administration 
of the labeled phosphate, seven to nine samples of blood were removed 
from the femoral artery. Food was withheld on the day that P” was 
administered, but feeding was resumed on the following day. 

Methods of Analysis — ^The P^* and P^’ content of the trichloroacetic acid- 
insoluble fraction of plasma was determined as follows: 1 cc. of plasma 
was transferred dropwise to a 15 cc. graduated centrifuge tube containing 
10 cc. of 10 per cent trichloroacetic acid and the mixture vigorously agitated 
with a glass rod. It was allowed to stand for 10 minutes and during this 
time was thoroughly agitated several times to bring the precipitate to a 
finely suspended state. The mixture was then centrifuged for 5 minutes 
and the supernatant fluid decanted. The precipitate was washed tuice 
xnth 5 cc. portions of trichloroacetic acid and centrifuged after each wash- 
ing. To the precipitate was added 1 cc. of 10 per cent NaOH. The mix- 
ture was agitated for a few moments xvith a glass rod and then approxi- 
mately 3 cc. of water added. For complete solution of the precipitate it 
was sometimes necessarj*^ to place the tube in warm water for a few mo- 
ments. The final volume in the tube was adjusted by the addition of 
xvater to a volume of 4 to 15 cc., depending upon the estimated P“ actirity. 
The solution was stirred thoroughly and the rod removeii, as much as 
possible of the excess liquid on the rod being transferred to "die sides of the 
tube. After 10 minutes the volume in the centrifuge tubj was carefully 
read and the aliquots for analyses taken immediately thereafter. 

For the determination of the P’* content, 1 to 2 cc. aliquots were trans- 
ferred to blotters and the radioactivity determined with the Geiger counter. 
The P’‘ content of another aliquot was measured by King’s method (8), 
the color being determined by the Klett-Summerson photoelectric colorim- 
eter. 

The petroleum ether-soluble phosphorus of plasma was determined as 
follow's: plasma was first extracted with a 3:1 alcohol-ether mixture, the 
e.xtract concentrated to a low volume, and the concentrate extracted with 
petroleum ether. The details of this extraction procedure have been 
described by Taurog e( al. (9), 

In an earlier communication it was shown that good agreement is 
obtained betw’een the values for the P’- content of the trichloroacetic aw 
precipitate prepared from plasma and the P’- content of the petro eum 
ether extract of plasma (10). The data presented in Table I show a 
agreement for the same two fractions so far as P” is concerned, n 
experiments described here it was necessary to remove 
samples of blood from each dog during a short interval. Hence, m 
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to avoid the removal of excessive amounts of blood the P” and contents 
of the trichloroacetic acid precipitate of plasma were taken as equivalent 
to its phospholipid P^* and P^* contents respectively. By the use of this 
precipitate it was possible to determine the phospholipid P’* and P’^ con- 
tents in as little as 1 cc. of plasma. 

Results 

Phospholipid P^‘ and phospholipid P’^ (radioactive phospholipid) were 
measured in the plasma of six dogs at various intervals during the 100 hours 
follo^vmg enteral administration of 300 mg. of choline chloride per kilo. 
The results obtained in this type of experiment have been compared with 
an earlier or later experiment in which P^^, but no choline, was administered 


Table I 

Comparison of Petroleum Ether-Soluble Phosphorus of Plasma with Plasma Phosphorus 
Insoluble in Trichloroacetic Acid 


Plasma sample No.* 

1 

2 

3 > 

4 

5 

6 

7 

8 

9 

Petroleum ether-solublef 

14.6 

15.7 

16.6 

m 

11.4 

17.2 

17.0 

11.2 

11.4 

Trichloroacetic acid-insoluble . . 

14.7 

16.0 

16.3 

H 

11.8 

17.7 

17.9 

11.8; 

11.4 


* Sample 1 was obtained from a dog 14 hours after the ingestion of a diet high in 
lean meat. The other plasma samples were obtained from two dogs that had been 
fed the high fat, low protein diet described in the text; Samples 2 to 5 were taken 48 
hours after the ingestion of the last meal, whereas Samples 6 to 9 were obtained 9 
hours after the ingestion of food. 

t Plasma was first extracted with alcohol and ether, concentrated to a low volume, 
and the concentrate extracted with petroleum ether. The details of this procedure 
are described elsewhere (9). 

to the same dog. In this way each dog served as its otvn control in dem- 
onstrating the effects of choline on the turnover of plasma phospholipids. 

Effect of Single Feeding of Choline on “Specific Activity-Time Curve” of 
Plasma Phospholipid P — ^The specific activities shown for Dogs .26A, 26B, 
36A, and 36B in Table II and for Dogs 2A and 2B in Figs. 1 and 2 respec- 
tively represent the ratio of percentages of injected P“ recovered as phos- 
pholipid per 100 cc. of plasma to mg. of phospholipid P’’ per 100 cc. of 
plasma. The results recorded demonstrate the rapidity with which radio- 
phospholipids appear in the plasma. Thus in the 4 hours betw^een the 2nd 
and 6th hour after the injection of the radioactive phosphorus, the specific 
actmties of plasma phospholipid phosphorus increased about 10-fold. 
Maxmum values for specific acthities were found at different intervals in 
the six dogs studied; they were observed as earlj' as 24 hours and as late as 
36 hours after the injection of the radiophosphorus. The last measurement 
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Table II 


Effect of Ingested Choline on Specific Activity of Plasma PhosphoUpid Phoaphorm 



Dog 26A 

• 

Dog 2(SB* 

Dos 3«At 

Dog 36Bt 

Interval 
after P»* 

trationt 

Sweific activity 
of phospholipid 

Interval 
after pn 
B.dmiaU- 
trationt 

Specific activity 
oi phospholipid 
P 

Interval 
after P« 
admtois' 
trationt 

Specific activity 
of phospholipid 

Interval 
after P« 
admfaij' 
trationt 

Specific activity 
of phQS|liolipia 

Control 

Choline ; 

Control 

Choline 

Control 

Choline : 

Control 

jchollne 

hrs, , 



kfS. 



Arj. 



irj. 


m 

2 

0.36 

0.45 

2 

0.26 


2 

0.23 

1.28 

2 



6 

3.71 

4.09 

6 

4.43; 

4.82 

6 

3.50 

8.81 

6 

3.42 


12 

12.0 

13.2 

12 

10.2 

HJliS 

10.6 

9.65j 


10.5 

8.24 


18 


16.8 

18 

13.3 


12 


18.7 

12 


13.9 

24 

16.6 


24 


17.5 

18 

14.3 

24.2 

18 

10.3 

21.0 

27 


22.0 

27 

16.4 1 


24 

15.9 

28.3 

24 


21.2 

36 

15.7 

20.5 

36 

16.8 

15.1 

32 


28.7 

! 33 

14.3 

23.4 

so 

16.2 


SO 


15.3 

34 

18.0 


' 38 


23.9 

5-1 


16.6 

54 

16.9 


38 


28.2 

51 

11.0 

20.6 

100 

10.1 

10.4 

1 100 

14.2 

lEEl 

50 

15.8 


101 

10.5 

13.9 




! 



62 


21.4 









' 1 

101 

10.7 

13.1 





* The control and cholino experiments were separated by an interval of 10 weeks, 
t The control and cholino experiments were separated by an interval of 9 weeks, 
t Choline was administered 30 minutes before the radioactive phosphorus. 



Fig. 1. The effect of choline on the '‘specific activity-time relations” of plasma 
phospholipid phosphorus in Dog 2A. 

■was made at 100 hours; at this interval the values for specific activite were 
considerably below the ma-ximum but still above the values ioui.fi a 
hour interval. 
















FEIEDLANDEH, CHAIKOFF, AND ENTENMAN 


237 


to phospholipid in the kidney and small intestine (11); yet negligible 
amounts of radiophospholipid were recovered in plasma (11). It seems 
unlikely, therefore, that phospholipids synthesized by kidney or small 
intestine could account for the striking effects of choline on the specific 
activities of plasma phosphohpid phosphorus. 

Practically all phospholipids of the plasma are of the choline-containing 
type (9). In view of the close relationship that exists between liver and 
plasma (11), there can be little doubt that the ingestion of choline increases 
the removal of newly formed choline-containing phospholipids from the 
liver. Whether or not choline affects the non-choline-containing phospho- 
lipids of the liver remains to be deteimined. 

The mechanism by which choline increases the specific activity of plasma 
phospholipid phosphorus is not known at present. Since this occurs in the 
absence of a change in the total phosphohpid content of the plasma, it 
would appear that choline increases the utihzation of phosphoUpids. Such 
an increase in the utihzation of phosphohpids could mean either (1) an 
increased transport of phosphohpid from hver to peripheral tissues or (2) 
an increased breakdown of chohne-containing phosphohpids within the 
liver itself. In either case the increased specific activity of plasma phos- 
pholipid phosphorus is merely a reflection of increased specific activity of 
the choline-containing phosphohpids of the hver. 

Diet is of importance in ehciting this stimulating effect of choline upon 
phosphohpid renewal. It was observed here in dogs fed a low protein, 
high fat diet but not in dogs fed a diet high in lean meat. The failure to 
obtain an acceleration of phospholipid turnover by the administration of 
extra choline in the dogs fed a diet high in lean meat may be due to the fact 
that the food ingested already contained sufficient choline (and probably 
other factors) to bring about maximum stimulation of phosphohpid turn- 
over. 


SUMMARY 

1. The effect of choline on the renewal of plasma phosphohpid phos- 
phorus was studied in dogs fed a high fat, low protein diet. Radioactive 
phosphorus was used as the labeling agent. 

2. A single feeding of 300 mg. of choline chloride per kilo of body weight 
accelerated phosphohpid turnover in plasma. 

Choline increased the rate of change in the specific acti\dty of phos- 
pholipid phosphorus of plasma during the early intervals after the adminis- 
tration of radioactive phosphorus. 

The maximum values found for the specific activity of plasma phospho- 
hpid phosphorus were higher in dogs fed chohne than in dogs fed no choline. 
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administration; maximum effect ivas observ’cd in about 24 to 36 houre; its 
effect was no longer detectable in 100 hours. ’ 

Effect of Single Feeding of Choline on Total Phospholipid Content of Plasma 
—The influence of a single ingestion of 300 rag. of choline chloride per kilo 
of body eight upon the phospholipid content of plasma was determhied 
in eight dogs. The treatment of six of them (Dogs 2A, 2B, 26A, 26B, 36A, 
and 36B) has been described above; determinations of the total phospho- 
lipid content of their plasma were made in order to obtain the values for 
specific acthdty recorded in Table II. 

Dogs A and B were fed the high fat, low protein diet for 14 days. At 
8.00 a.m. of the 15th day, 300 mg. of choline chloride per kilo were admin- 
istered to each dog by stomach tube and the phospholipid P of their plasma 
determined at various intcr\mls during the next 50 hours. Food was mth- 
held on the daj” that the choline was administered, but feeding was resumed 
the next day. In other words, during the 50 hours of obsenmtion, Dogs A 
and B received a single feeding of the high fat, low protein diet 27 hours 
after the administration of the choline. 

To serre ss a control for this cholise e.vpermest, the phospholipid P 
of the plasma of Dogs A and B was measured 3 days earlier, at which time 
no choline was administered. Care was taken to maintain all conditions 
the same in both the control and tlie choline e.xperimentB with respect to 
the feeding of the dogs and the times when blood samples were removed. 

In none of the eight dogs examined was a measurable change in the 
phospholipid level of plasma produced bj' the single feeding of 300 mg. per 
kilo of choline chloride. This was particular!}' well brought out in Dogs A 
and B, in wliich the interval between the control and choline experiments 
was quite short; namely, 3 days. 

DISCUSSION 

It was demonstrated recently in this laboratory that plasma phospho- 
lipids are sjmthesized mainly in the liver (11) and hence there is good 
reason to believe that the liver is responsible for the increased specific 
activities of plasma phospholipid phosphorus that are shown here to result 
from the ingestion of choline. The \'iew that the primary action of choline 
is on the liver and that the increased phospholipid activity of plasma mere } 
reflects such accelerated activity in the liver receives further support from 
the following evidence: surviving slices of liver (12), kidney (13), brain ( ), 
muscle,’ and small intestine,’ but not plasma,^ have been shown to be capable 
of incorporating inorganic phosphate into phospholipid molecules. 
when radioactive phosphate was injected into the liverle.ss dog, it v as 
that in 6 hours significant amounts of the labeled phosphate were com er e 

> Unpublished observations. 
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Considerable evidence has accumulated to support the view that gly- 
cocyamine (guanidoacetic acid) is a normal precursor of creatine in the 
animal body (1-3). Hence, a simple reproducible method for the measure- 
ment of glycocyamine would prove a valuable tool for the clinical study of 
the transmethylation involved in this conversion The abundance in the 
literature of modifications of Weber’s (4) original method is evidence of 
the difficulty of reproducing analytical results by this procedure. All 
the earlier adaptations included suitable adsorption and elution of the 
glycocyamine together wth the arginine, followed by repeated batch 
adsorption of the arginine on permutit. Glycocyamine and arginine are 
the only common biological substances that yield a color in the Sakaguchi 
reaction. The maximum tolerated amounts of potential interfering sub- 
stances have been determined by Dubnoff (5). One of the difficulties in 
reproducing results by various methods appears to have been the impre- 
dictable variations in different lots of permutit. A second drawback was 
that the earlier procedures developed by Luck (6) required the determi- 
nation of the optimal amount of hypobromite necessary for color develop- 
ment for each unknown solution, Dubnoff and Borsook (7), who have 
published the most recent modification of the method, by adsorbing the 
at^nine on a simple permutit column, obtained excellent separation, at 
the same time avoiding the laborious steps of earlier procedures. They 
gamed a high degree of stability of color in the Sakaguchi reaction and a 
greater resistance to interfering substances by the device of adding the 
urea before the hypobromite. Nevertheless, again various laboratories 
have been unable to reproduce readily the results originally obtained.' 

In this laboratory assorted lots of permutit gave various results, all 
uns,atisfactory. For this reason an ion exchange substance was sought 
which would be sufficiently uniform to give reproducible results. Such 
a reagent was found in the formaldehyde-phenolic condensation product, 

* Aided by a grant from the Fluid Research Fund of the Yale University School of 
Medicine. 

’Personal communications. 
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Amberlite IR-IOO-H.- The operating characteristics of this material have 
been described by Myers et al. (8). The development of color in the 
procedure described follows quite closely that used by Dubnoff, with minor 
modifications to yield a lighter blank. The relationship of concentration 
of glycocyamine to intensity of color was found to be cunrilinear, rather 
than rectilinear as it had been originally described.’ The more sensitive 
method of developing color by successive additions of urea and bypobromite 
described by Macpherson (9) was not employed. An apparatus to control 
the speed of dowm flow through a battery of small columns has been devised. 

With suitable elution, according to the directions of DubnoS (5), the 
method should be equally applicable to the determination of arginine. 

Reagents — 

Sodium chloride solution, 0.3 per cent. 

Amberlite IR-lOO-H, prepared as described below. 

a-Naphthol, 0.2 per cent stock solution in absolute alcohol. The 
a-naphthol should be repeatedly rccrystallized until, when dissolved in a 
minimal volume of alcohol, it jrields a colorless fluid. Crude commercial 
a-naphthol can be best purified by solution in heated alcohol, followed by 
the addition of hot water until supersaturation is approached. The 
supernatant fluid is then drawn off and cooled, while the amber residue 
containing impurities is again extracted in a similar manner. 

Urea, IG per cent solution. 

a-Naphthol-urea reagent. Immediatel.v before use the a-naphthol, 
which should be made up daily', is added to the urea solution in the pro- 
portions of 0.2 ml. of a-naphthol to 1.5 ml. of urea. 

Sodium hj'pobromite solution. 0.66 m_l. of liquid bromine added to 
100 ml. of 5 per cent sodium hy'droxide. This remains stable in the re- 
frigerator as long as 4 months. 


Procedure 

Urine for the analyses reported was diluted 1:6 with water. It 
probably be advantageous to vary' the dilution according to the spec c 
gravity of the urine in a manner similar to that recommended by 
and Peters (10) for the determination of urine creatine. The meth as 
been designed for application to ultrafiltrates of serum prepared as pre 
scribed by Danowski (11). These should be diluted Mth 2 parts oi 
water to reduce the salt concentration to approximately 0.3 per cen . 


’ The author is indebted to the Resinous Products and Chemical Company, 
incton Square, Philadelphia, for supplying the resins used. nercep- 

» Under the conditions defined by Dubnoff the break m hnean j involved in 
tiblc, but definite. Murray and Luck mention that two colors mu 
the Sakaguehi reaction. 
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The arginine and glycocyamine are adsorbed on a column of Amberlite 
IR-lOO-Na, from which the glycocyamine is subsequently eluted -with 
0.3 per cent sodium chloride solution. The analytical grade of the resin, 
IR-IOO-H, should be employed. It is essential that this be converted 
entirely to the sodium form. This is effected by treating each gm. of resin 
in a suitable column with 10 ml. of 5 per cent sodium chloride solution, 
allowing at least 10 hours total down flow time. The column is then washed 
with distUled water, after which the resin is stored in the refrigerator in 
0.3 per cent sodium choride solution. Thus stored it remains efiBcient 
for at least 6 months. 



Fig. 1. Adsorption column 

Down flow through the column in the analytical procedure should be 
so retarded that 5 ml. portions of the solution to be analyzed require 20 
minutes or slightly longer to pass through. Various simple methods of 
controlling down flow' were tried before the apparatus diagrammed in Fig. 
1 Was adopted. The lower tubing of the column, A , should have an internal 
diameter of 4 mm. or slightlj' less so that 1 ml. of fluid will form a column 
about 10 cm. long, and should be 12.5 cm. in length. A cotton plug to 
retain the resin is placed in the constricted tip of this tube. VTiile the 
outlet of the tube is blocked with the finger, the column and resen'oir are 
led with 0.3 per cent sodium chloride solution. The resin is next intro- 
uced with the aid of a coarse pipette, being repeatedly tapped down to 
insure uniform paeking, until it reaches a 7.5 cm. mark etched on the 
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column. The column is kept wet until used to prevent the formation of 
an air-lock. With a finger occluding the reservoir, B, of the column filled 
with 0.3 per cent sodium chloride, the column is attached by a rubber stopper, 
C, to a collecting tube, ZJ, equipped with a side arm, which is temporarily 
closed by means of a pinch-cock on the attached rubber tubing. Ihe 
other end of this rubber tubing is connected to a piece of glass tubing, E, 
roughly the same diameter as the collecting tube. This is inserted into 
a cylinder of water, F, in which the level of water can be adjusted by a 
syphon, (?, and a screw-clamp, H. 

With the apparatus thus prepared the saline above the neck of the reser- 
voir, B, is removed by suction and replaced by 5 ml. of the solution t? be 
analyzed. The cylinder is filled TOth water. By means of the T-tube, J, 
air is then blown into the system until the distance ah between the levels 
of water in the tube E and the cylinder equals the total height of fluid in 
the column A and the reservoir B. After equilibrium has been thus es- 
tablished, the pinch-cock, K, is opened. Now, by siphoning off the water 
from the cylinder F at the proper speed, the down flow of a battery of 
columns can be accurately regulated. When the initial 5 ml. portion has 
passed nearly through each column, clamp K is again closed, the reservoirs 
above the columns arc filled with 0.3 per cent NaCl to marks calibrated 
to hold 5 ml., and enough w'ater is added to the cylinder F to bring the level 
to a predetermined point required to establish equilibrium. This is re- 
peated a second time to permit an accurately measured total volume of 
13 ml. to pass through each column. These 13 ml. are then made up to 15 
ml. of which 4 mi. are transferred to a colorimeter tube. 


To the solutions in the colorimeter tubes, which must be chilled in 
advance in an ice bath, are added 1.2 ml. of fresh amaphthol-urea reagent. 
The contents of the tubes are mixed and the tubes are allowed to stand in 
the ice bath for 10 to 15 minutes. At the end of this time, 0.72 ml. of the 


sodium h 3 T)obromite solution is added in such a manner that prompt 
mixing is insured. The contents of the tubes are mixed with a rotary 
motion before these are replaced in the bath. Both the a-naphthol reagent 
and the hypobroraite solution must be kept chilled in the refrigerator. 

The Evelyn photoelectric colorimeter wth a 6 ml. aperture and a 540 
mp filter was used. Readings must be made at equal intervals after te 
addition of hypobromite. The color is fully developed at the end o 
minutes, and at this time readings bear an almost linear relation to con- 
centration up to 1.6 mg. per cent (t.c., the reading equivalent to a con- 
centration of 1.6 mg. per cent in the original solution). The 
ever, become most uniform at approximately 60 minutes, at which ime 
also the color produced by glycocyamine is particularly stabl^nd “ ' 

This is, therefore, the optimal time for reading the colors. The re 
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curve for concentrations varying from 0.1 to 14 mg. per cent at the 60 
minute interval is a smooth curve which becomes linear when plotted on 
paper with double logarithmic ordinates. Before reading the colorimeter 
tubes should be warmed gently with the hand for | minute and polished 
with a towel for an equal length of time. 

Suitable standard solutions of glycocyamine in 0.3 per cent sodium 
chloride are analyzed simultaneously. The glycocyamine used in this 
study was synthesized by the method of Nencki and Sieber (12). 

TABtE I 

Measurement of Glycocyamine in O.S Per Cent Sodium Chloride Solution, in 
Presence of Arginine 

The concentrations, expressed in mg. per cent, are those in the final mixtures 
before they were passed through the columns of resin. Standard solutions were 
introduced directly into the reservoir above the column, diluted to 5 cc. with sodium 
chloride solution, and mixed. A recent sample of analytical grade Amberlite, 
IR-lOO-Na, Batch 1943, was used throughout. In the experiments in which no resin 
was used the solutions were not passed through the columns. Instead 10 ml. of 0.3 
per cent sodium chloride were added to the 5 ml. portions of standard solution, and 
ahquots of the mixture were taken for color development. Each figure represents 
the result of duplicate analyses which differed from one another by not more than 
0.07 mg. per cent. 


Added 





Kesin batch Ko. 

Recovered glycocyamiae 

Glycocy&mlnc 

Argialne 

4.0 

0 

None 

4.0 

2.0 

0 

(C 

2.0 

1.0 

0 

ff 

1.0 

4.0 

0 

1943 

3.97 (4.0) 

4.0 

25 

1943 

3.97 (4.0) 

2.0 

25 

1943 

1.99 (2.0) 

2.0 

0 

1943 

1.97 (1.98) 

1.0 

25 

1943 

1.00 

0.0 

25 

1943 

0.010 


EXPERIMENTAL 

That added arginine can be completely removed from dilute sodium chlo- 
ride solutions by this procedure, without appreciable loss of glycocyamine, 
is indicated by the data of Table I, An 0.3 per eent solution of sodium 
chloride was selected to simulate the quantity of salt to be expected in 
diluted dialysates of blood serum. Higher concentrations of salt tend to 
elute the arginine. Concentrations low'er than 0.3 per cent do not affect 
recovery of glycocyamine, provided the 5 ml. portions are followed by 0.3 
per cent sodium chloride. From luine diluted with 5 volumes of water 
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to which measured amounts of arginine and glycocyamine had been added, 
equally good separation was attained (Table II) . Preliminary experiments 
with serum dialysates were undertaken, but could not be completed. 

To test the reliability of the ion exchange resin, samples of AmberJite 
produced by the manufacturers over a period of several years were ob- 
tained. The lot numbers of these are given in Tables I and 11. As these 
were available only in unrefined form, they were subjected to four sodium 
and regeneration cycles in a suitable column. It was found that they 
could be used interchangeably. 


Table II 

Measurement of Glycocyamine Added, in Presence of Arginine, to Human Urine Diluted 
with S Volumes of ll''a<cr 

The concentrations, expressed in mg. per cent, are those in the final mixtures 
before these were passed fiirough the columns of resin. Standard solutions and 
controls not subjected to the action of resins were treated in the manner described in 
Table I. The numbers under the heading “Resin batch No.” refer to the particular 
manufacturer’s lot used in that analysis. 

The speoimen of urine used had a specific gravity of 1.021 and gave a 2+ reaction 
for albumin. 


Added ^ 

Kesin batch Kov 

Glycocyamine found 

Glycocyftmioe 

Arginine 

ToUl 

Added 

2.0 

0 

None 

2.0 


1.0 

0 

1C 

1.0 


n . iG 7 

0 

Cf 

0.166 


0 

0 

1943 

0.693 

0 

2.0 

0 

463 

2.693 

2.0 

2.0 

25 

463 

2.69 

2.0 

1.0 

0 

593 

1.68 

0.99 

1.0 

25 

593 

1.61 

0.92 

0.167 

25 

1943 

0.86 

0.17 


The method of separation is in essence a form of colorless chromatography 
in which the glycocyamine is successively passed doum the column o 
resin particles until it can be eluted in advance of the arginine. It is logics , 
therefore, that speed of dorvn flow, salt concentration, and volume o 
eluant should require careful control. , , 

The author’s entry into military service prevented completion ana 

amplification of this study. 


SUMMAHY 

A microraethod for the determination of glycocyamine and arpnine jn 

biological fluids is described. In contrast to previous methods, this pr 
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cedure is accurately reproducible since it employs ion exchange resins 
with uniform properties. 

A device to regulate down flow in small columns is described, which 
makes feasible chromatographic procedures involving the use of adsorbants 
of coarse texture. 

The author is indebted to Dr. John P. Peters for his stimulation and 
encouragement and for editing this paper in the author’s absence, and to 
Dr. Harold Cassidy, Dr. Alfred Wilhelmi, Dr. Werner Bergmann, and 
Dr. Abraham White for their advice. The persevering technical assistance 
of Dorothea Sims made possible the present partial completion of this 
work. 
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THE INHIBITION OF CARBOHYDRATE OXIDATIONS 
BY BORATE 

Br WALTER E. MILITZER 

(From the Avery Laboratory of Chemistry, University of Nebraska, Lincoln) 
(Received for publication, December 26, 1944) 

Boric acid has long been recognized as a reagent which combines with 
glycols, and in the case of sugars it has been employed to detennine the 
steric configuration of hydroxyl groups (1). This is generally considered 
to be due to the capability of boron to combine preferentially with adjacent 
hydroxyl groups which bear a cis relation to one another. 

The only attempt to employ this property of boron for the control or 
inhibition of reactions was reported by Myrback and Gyllensvard (2) who 
inhibited the alkaline hypoiodite oxidation of glucose and some of its de- 
rivatives with borate. They concluded that no oxidation could occur if 
adjacent hydroxyls on carbon atoms 1 and 2 combined with the boron atom, 
but that oxidation occurred when this possibility was excluded. 

In exploring the room temperature reactions of some highly reactive 
sugars we have found that borate inhibition has a much greater applicabil- 
ity than a mere combination with adjacent hydroxyls would lead one to 
believe. Keto compounds, like S-keto-n-gluconic acid, whose reactivity 
depends upon hydroxyls a to a free keto group, are inhibited in many 
oxidative reactions. Dehydroascorbic acid, whose reactive center consists 
of two adjacent keto groups without any a hydroxyls, is also inhibited. 
Likewise, the oxidation of 2,3-diketo-i/-gulonic acid is inhibited by borate. 

The results reported here in greater detail concern the inhibition by 
borate of 5-keto-n-gluconic acid, dehydro-L-ascorbic acid, and 2,3-diketo- 
i^gulonic acid upon o.xidation hr alkaline solutions with cupric ions, meth- 
ylene blue, and molecular oxygen. 

EXI'ERIMENTAL 

Reduction of Copper — 1. Reagent. The reagent employed was the 
mo^ed Benedict’s reagent as previously described (3), and the determi- 
nation for copper reduction were carried out at 25° in the same manner. 
Additions of borate were made as sodium tetraborate decahydrate directly 
to the reagent. The quantities shown in Fig. 1 represent amounts added 
before the addition of sugar solution. 

2. 5-Ketogluconic acid. This solution was made up to correspond to 
w mg, per ml. of calciinn 5-ketogluconate according to previous directions 
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3. Dehydroascorbic acid and 2,3-diketogulonic acid. 0.5000 gm. of 
ascorbic acid was oxidized with the required amount of iodine in aqueous 
potassium iodide solution and diluted to 100 ml. This solution upon 
standing for 12 to 18 days was employed as 2,3-diketogulonic acid, ac- 
cording to the conventional method of preparing this acid (4). 

Mclhylmc Blue Rcduclion— AM reactions were carried out at 25“ and 
solutions were brought to that temperature before use. 

1. 5-ICctogluconic acid. Three solutions were made up: (a) methylene 
blue, 0.1000 gm. per 100 ml. of water, (b) sodium carbonate anhydrous, 
5 gm. per 100 ml., and (c) 5-ketogluconic acid (see the reduction of copper). 
3 ml. of solutions (b) and (c) were placed in a test-tube and 0.2 ml. of (a) 
added. Tlie content was mixed by two complete inversions and an inch 
layer of benzene placed on top. The tube was then placed in the water 
bath and the time noted for disappearance of the blue color. Starting 
time was taken as the moment the tube was first inverted. Due to the 
concentration of methylene blue employed the end-point was not a com- 
plete disappearance of color; a slight shade of magenta remained. 

Borate was added as sodium tetraborate decahydrate to the carbonate 
solution, and the quantities of Fig. 2 represent amounts placed in 3 ml. 
before the addition of sugar solution. 

2. Dehydroascorbic acid. 0.2250 gm. of ascorbic acid was oxidized with 
the required amount of iodine in potassium iodide solution and diluted to 
100 ml. with water. A sodium carbonate solution was made up, 5 gm. of 
the anhydrous salt per 100 ml., and methylene blue was used in the same 
concentration ns \Yith 5-ketogluconic acid. 

3 ml. of the carbonate solution and 2 ml. of water were placed in a test- 
tube and 5 ml. of the dehydroascorbic acid solution added. Then 0.40 ml. 
of methylene blue solution was added and the content of the tube mixed 
by sex'oral inversions. An inch layer of benzene was placed on top. The 
tube was placed in the water bath and the time noted for disappearance of 
color, starting time being taken as the first inversion. 

When borate was added, it was dissoh’ed in the carbonate solution after 
the addition of water. The quantities of borate shown in Fig. 2 represent 
the amounts of sodium tetraborate decahydrate placed in 5 ml. before t e 


addition of the sugar solution. 

3. 2,3-Diketogulonic acid. The conditions were precisely the same as 
with dehydroascorbic acid, since the solution was prepared by allowing ttie 
dehydroascorbic acid solution to stand for 18 days. 

Oxidation with Oxtjgen— Oxygen consumption was measured a ro 
temperature in a standard macro Van Slyke amino i^i^ropn appara us oy 
placing a total of 20 ml. in the reaction chamber and ' 

oxygen at a rate of 235 complete oscillations per minute. Solutions em 

ployed were as follows. 
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1. 5-Ketogluconate. 0.5000 gm, of calcium 5-ketogluconate was de- 
composed with 1.500 gm. of oxalic acid dihydrate, and after filtration the 
solution was neutralized with 2.015 gm. of sodium bicarbonate before 
dilution to 100 ml. with Avater. Before introduction into the Van Slyke 
apparatus 10 ml. of this solution were mixed Avith 10 ml. of a solution of 
sodium carbonate made up, 15 gm. of anhydrous salt in 100 ml. of water. 

For the inhibition by borate 200 mg. of sodium tetraborate decahydrate 
were added to 10 ml. of the carbonate solution before mixing. 

2. Dehydroascorbic acid. To 20 ml. of a solution made up by oxidizing 
0.5000 gm. of ascorbic acid Avith iodine (see the reduction of copper) were 
added 1.500 gm. of anhydrous sodium carbonate. Introduction into the ap- 
paratus Avas performed as rapidly as possible Avith a pipette. Inhibition by 
borate A\'as effected by adding 0.5000 gm. of sodium tetraborate decahy- 
drate Avith the carbonate. 

3. 2,3-Diketogulonic acid. This solution was handled exactly as a 
dehydroascorbic acid solution. Its preparation consisted of allowing 
dehydroascorbic acid to stand for 18 days. 

4. Ascorbic acid. 0.2500 gm. of ascorbic acid Avas dissoh'ed in 10 ml. 
of A\-ater and introduced into the Van Slyke apparatus. 10 ml. of sodium 
carbonate solution (15 gm. of anhydrous salt in 100 ml. of AA’ater) Avere then 
introduced separately through the side arm of the Van Slyke apparatus. 
In the case of borate inhibition 0.2500 gm. of sodium tetraborate decahy- 
drate was dissolved ANuth the ascorbic acid. 

Results 

In a former communication (3) the reaction betAveen 5-ketogluconic acid 
and alkaline cupric ions Avas shoAAm to have a velocity at 25“ suitable for the 
quantitative determination of this compound. Ordinary salts such as 
sodium chloride, sodium nitrate, and others had no effect in changing the 
velocity. 

So^um tetraborate, hoAA’ever, Avhen added to the ketogluconic acid cupric 
reaction, retarded the velocity markedly and if sufficient AA-ere added, the 
reaction was stopped completely. As an instance, a solution of 5-keto- 
gluconic acid containing 50 mg. per ml. reduced the copper Benedict’s 
reagent in 8 minutes and 20 seconds. The addition of 7 mg. of borate per 
rel. of reagent retarded the time to 24 minutes and 45 seconds; and the 
^dition of 15 mg. per ml. stopped the reaction entirely — cA’en for Av’ceks. 
^>g- 1, Curve A, portrays the inhibition over Amrious concentrations of 
borate imtil the reaction is completely stopped. 

The character of Curve A is precisely that of a cun-e in which the con- 
wntration of 5-ketogluconic acid is progressh-ely diminished. It AA’ould, 
therefore, seem that the borate is combining AA-ith the sugar and removing 
it from its r61e as a reducer. By calculating from a dilution curve such as 
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IS employed in the determination of 5-ketogluconic acid (3), the quantity of 
acid inhibited by a given amount of borate can be obtained. The inhi- 
bition ratio of carbohydrate molecules to boron atoms is 8:1. Thisin- 
hibition ratio remains the same throughout Cui-ve A; but the significance 
of such a high figure can hardly be explained on the basis of simple com- 
bination. 

^ Other carbohydrates that reduce Benedict's reagent at 25” are also in- 
hibited by borate. In Fig. 1, Curve B, the results with dehydroascorbic 
acid and 2,3-diketogulonic acid are sho^vn. The concentration-velocity 
curve for these two compounds is analogous to one in which the concentra- 
tion of the compounds was plotted against velocity. At a concentration 



Fio. 1. The effect of borate on the alkaline copper reduction of (Curve A) S-kelv- 
gluconic acid, 50 mg. per ml., and (Curve B) dehydroascorbic acid and 2,3-diketo- 
gulonic acid, 5 mg. per ml. 


of borate which corresponds to a ratio of 6 sugar molecules to 1 boron 
atom, the reaction of these two intensely reactive compounds with cupric 
ions is completely inhibited. 

Of all the structures we have investigated in relation to the reduction o 
cupric ions there arc only two which are not inhibited by borate. Those 
are the enediol structure and the sulfhydryl group. Ascorbic acid canno 
be inhibited from reducing cupric ions by a saturation of borate, w ereas 
its oxidation products, dehydroascorbic acid and 2 , 3 -diketogulonic aci , 
are completely inhibited. This effect is particularly noted m the titration 
of Benedict’s reagent with a solution of ascorbic acid. In the 
borate, titrations to the disappearance of blue color vary great y am 
themselves (see Table I), depending upon the speed iwth whic 
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tration is carried on. This is due to the reaction of dehydroascorbic acid 
with cupric ions, the rate of which is dependent on concentration. When 
borate is added to the reagent to inhibit this reaction, titrations are checked 
easily and can be used for the determination of ascorbic acid, just as the 
usual Benedict’s method can be used for the determination of glucose. The 
method offers no advantages over existing methods due to the usual diflSi- 
culty of the Benedict’s end-point. 

Table I 


Titration of B Ml. of Cold Benedict’s Reagent with Ascorbic Acid (S.O Mg. per Ml.) 


Without borate 

With borate (OJOOO sm.) 

Theory 

mi. 

mi. 

mi. 

3.80 

6.55 

6.40 

4.36 

6.50 


3.50 

6.48 




Fio. 2. The effect of borate on the alkaline methylene blue reduction of (Curve A) 
S-ketogluconic acid, 50 mg. per ml., and (Curve B) dehydroascorbic acid and 2,3- 
diketogulonic acid, 5 mg. per ml. 

From the inhibition of the copper reaction it could be supposed that 
borate combined either tvith the sugar or with the copper reagent. We, 
therefore, investigated other alkaline oxidation reactions which occur at 
lower temperatures (borate does not inhibit at high temperatures) for 
borate inliibition, employing the three sugars mentioned above. The 
picnc acid, methjdene blue, ferricyanide, and molecular o.xygen reactions 
hU proved to be inhibited b 3 '' borate just as easily as the copper reaction. 
The picric acid reaction is so easily' stopped that it was explored only 
qualitativelj". The ferricj’anide reaction will be reported elsewhere. 

Fig. 2, CXir\-e A, shows the inhibition caused bj’ varying amounts of 
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borate added to an alkaline solution containing 5-ketogIuconate and meth- 
ylene blue. The curve follows the shape, as in the copper reaction, of 
one in which the concentration of the sugar is progressively diminished. 
Similarly, Curve B shows the inhibition of dehydroascorbic acid and of 
2,3'diketogulonic acid. The cur\'es of the latter two are so similar that 
they cannot bo drawn separately on the same graph. 

The oxidation by molecular oxj'gen is a reasonably rapid reaction at 
room temperature in alkaline solution with the compounds under con- 
sideration as illustrated in the third column of Table II. In the case of 
ascorbic acid the reaction is almost complete in hour. It is generally 
supposed that the o.vidation of sugars wdth oxygen involves an enolization 
prior to the reaction. If such is the case borate can prevent the formation, 


Table II 


Oxygen Consumption in Alkaline Solution 


Sugar 

CoQceotratloa 

Or>'geQ consumed 
by 20 ml.* 

mgm 

S-Kctogluconic acid 

Pit- pff 

25 i 

nU 

31.0 (5hrs.) 

per ml, 

0 

tt 11 1 

25 

0 (5 “ ) 

30 

Dohydrossoorbio “ 1 

5 

30.9 (5 “ ) 

0 

(< ti 1 

5 

0.3 (5 " ) 
8.7 (1 hr.) 

25 

Diketogulonic acid 

5 

0 

«« <« 1 

5 

3.2 (3 bra.) 

25 

Ascorbic acid 

i 12.5 

40.0 n ■' ) 

0 

<1 <4 

12.5 

24.4 “ ) 

12,6 


• At the times given oxygen eonsumption had practically ceased, 
t Small amounts of ascorbic acid arc no doubt present in this solution. 


since it is capable of stopping the oxidation (see Table II) for long periods 
of time with all structures except the enediol. Enolization being a hy- 
drogen migration, it would seem that borate is capable of combining 
with groups other than hydroxyl, such as keto groups. Especially must 
this be the case with dehydroascorbic acid in which the hydro.xyl groups are 


some distance removed from the keto groups. 

Ascorbic acid again presents an interesting case in the oxidation with 
molecular oxygen. Borate does not inhibit the reaction, but it does di- 
minish the consumption. 

One would expect the enediol structure of ascorbic acid to consume oxy- 
gen in the presence of borate, but the total consumed would be smaller 
because the oxidation products thereof are inhibited from reacting ur er 
with oxygen. The amount consumed in the presence „„„ 

than would be required for a stoichiometric reaction of the enediol g P, 
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since the oxidation of ascorbic acid in strong alkaline solution is a complex 
reaction which cannot be written as a simple equation. This fact has been 
noted many times. The reaction mechanism is here complicated by 
the appearance of hydrogen peroxide as demonstrated by the work of 
Peterson and Walton (5). 


SUMMARY 

In alkaline solutions at ordinary temperatures the oxidations of 5-keto- 
D-gluconic acid, deh 3 'dro-L-ascorbic acid, and 2,3-diketo-ij-gulonic acid 
are inhibited by borate ion strongly enough to stop the reactions com- 
pletely. The inhibition is a general one and apparently involves a com- 
bination between the borate and the sugar. 

Structures which are not inhibited by borate imder the same conditions 
are the enediol, as in ascorbic acid, and sulfhydryl groups. 
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In the course of studies on the antigenic composition of the more highly 
organized viruses and bacteria, it became apparent that the methods em- 
ployed in the isolation of the desoxyribonucleoproteins of these forms were 
probably destructive of the native mode of organization of these substances. 
The most important antigenic substances, which in general do not appear 
to be the desoxyribonucleoproteins, frequently retain antigenicity after 
vigorous steps have been taken to free them from the organism. For 
example, several antigens, isolated from Ricketlsia prowazcki after proteo- 
tyt c digestion, emulated to a considerable extent the antigenic properties 
of the total organism, while nucleic acid and nucleoprotein fractions from 
these forms did not appear to possess specific serological reactivity (1). 
Since the possibility of degradation in the course of isolation was not ex- 
cluded, a study was undertaken of the effect on a well knmvm desoxyribo- 
nucleoprotein of various procedures for the fragmentation of an organism. 
The effects of one commonly used procedure, namely enzjTnatic degrada- 
tion, are recorded in this paper. New analytical procedures for the 
estimation and characterization of nucleic acid, developed in this series 
of studies, have already been reported (2). 

Thymus nucleohistone (TNH) was chosen as a model substrate for 
several reasons. The isolated nucleoprotein had been extensively studied 
with respect to various physicochemical properties (3-5), and several 
methods of preparation had been described (3, 6). Since one of these 
methods of preparation (6) is reported as being -widely applicable in the 
isolation of desoxyribonucleoproteins, a careful comparison of the effects 
of the reagents used on the properties of TNH would be e.xpected to jield 
information pertinent to our problem. In addition, it -n-as considered that 
an examination of amino acids bound to nucleic acid after proteolj’tic 
digestion might jdeld some information concerning the structure Oi TNH 
and the mode of linkage betiveen protein and nucleic acid. 

Attention may be called to the inclusion of preparations of crj'stalline 

* The -ivork described in this paper was done under a contract, recommended by 
the Committee on Medical Research, between the Office of Scientific Research and 
Development and the Johnson Research Foundation, University of Pennsylvania. 
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ribonuclease in experiments comparing the proteoljlic effects of different 
enzj-mcs on TNH. In previous attempts to demonstrate ribose nucleic 
acid in cellular ddbris, incubation m'th preparations of ribonuclease/ 
followed hy dialysis, resulted in the loss of nitrogenous material irifhout 
the loss of phosphorus. These evidences of proteolytic activity for prep- 
arations of this enzyme have been obsen-ed by other workers (7). It 
was considered that a comparison of the effects of ribonuclease and other 
better known proteolytic cnzjTncs on a single substrate would more ex- 
actl}’ define the activity of the former. 


EXPERIMENTAL 

Preparation of TNH, Histone, and Sodiu7n Dcsoxyribonudeate (NaDK)— 
The sodium salt of calf thj-mus nuclcohistonc was prepared as described 
by Carter and Hall (3). Solutions of freshly prepared undried TNH were 
emploj’cd in the proteoljdic digestions. The Hammarsten procedure (8) 
was emploj’ed in the separation of nucleic acid and histone. Solutions 
of TNH were made molar with respect to sodium chloride and permitted 
to stand at 4° for a week. 2 volumes of 95 per cent ethyl alcohol were 
^ Ided and the sediment, after separation by centrifugation, was dissolved 
In M sodium chloride. The solution, clariSed by centrifugation, was re- 
precipitated with alcohol. Tlie precipitate of NaDN was washed with 
alcohol and ether, and dried over P-Oj in vaaio. The first alcoholic super- 
natant solution was distilled in vacuo below 40® to remove the alcohol, 
and the histone solution was dialyzed against running tap water and 
distilled water. Preparations of TNH and histone were lyophilized and 
dried in vaaio over P-Oj. 

Nitrogen was determined by the Kjeldahl method. Cupric sulfate was 
used as a catalj'st during a 1 hour digestion period, and, after addition of 
2 drops of 30 per cent hydrogen peroxide, the digestion was permitted to 
proceed for another hour. Shorter digestion periods yielded low results. 
Phosphorus was determined bj" the King procedure (9). Deso^O'^bose 
was determined by the diphenylamine procedure for purine desoxjTibosides 
(10) and bj' the perchloric ncid-tiyptophane procedure for total desopiitose 
(2). It was established by these procedures, in comparison with m 
oxj'guanosine, that, in the preparations of TNH and NaDN, the mo ar 
ratio of purine desoxjTibose to phosphorus was 0.5:1, and the ra lo o 
total desoxj'ribose to phosphorus was 1:1, the maximum variations eing 
2 per cent from these theoretical ratios. Histone preparations 
a ma.\imum of 1 per cent of nucleic acid, as contrasted to 4 o 
cent nucleic acid in TNH. Preparations of NaDN had a molar ratio 

1 The author is indebted to Dr. M. Kunitz of the Rockefeller Institute 
crj’Btalline enzyme preparations employed. 
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nitrogen to phosphorus having a maximuni deviation of 2 per cent from 
the theoretical ratio of 3.75. 

Proteolylic Digestion of TNH — ^The viscosity changes as a result of 
proteolysis and the composition of the digested nucleoproteins, after 
removal of dialyzable amino acids and protein fragments, have been de- 
termined. In a typical experiment, 75 cc. of TNH at a concentration of 
histone* of 0.450 mg. of N per cc. in 0.1 m. borate buffer at pH 7.80 con- 
taining 0.01 per cent ethyl mercuritlnosahcylate vfere added to each of 
five flasks. To these solutions were added 7 cc. either of water or of 0.1 
per cent solutions of Fairchild trypsin or of crystalline preparations of 
ribonuclease, chymotrypsin, and trypsin. The mixtures were incubated 
at 37° for 48 hours and dialyzed against running tap water and distilled 
water. Portions of this solution were lyophilized and dried in vacuo over 
P2O5. 

Analyses — ^The white fibrous solids were analyzed for nitrogen and 
phosphorus. Tyrosine was estimated in alkaline hydrolysates by the 
Bemhart method (11). Arginine was determined by the procedure of 
Brand and Kassell (12). In analyses for the arginine content of these 
materials, there was no inhibition of color development wth increasing 
concentrations of hydrolysate. In one set of digested products, residual 
phenylalanine was also estimated (13). 

The specific viscosity of solutions of these products in m sodium chloride 
was determined in an Ostwald viscosimeter at 28° at concentrations of 
0.02 mg. of phosphorus per cc. These data are presented in Table I for 
the preparations described, which are designated TNH-I. These analyses 
and that of another set of products are contrasted in Table II in terms of 
the molar relationship of various residual moieties to phosphorus. The 
phosphorus-containing component, desoxyribose nucleic acid, was not 
lost in these experiments. 

Viscosimetry — 5 cc. aliquots of TNH-I and enzymes, prepared as de- 
scribed previously, were permitted to digest at 37.0° ± 0.1° in an Ostwald 
viscosimeter for 48 hours and the specific viscosities were determined at 
suitable intervals. The marked viscosity changes are presented in Fig. 1. 

Dilutions of solutions of the undried, digested, and dialyzed products 
were exairuned in this apparatus. In solutions of less than 0.07 mg. of P 
per cc., specific viscosity apparently varied linearly with concentration. 

’ In the majority of experiments described in this section, TNH solutions were 
adji^tcd to an appropriate histone N concentration and the rates of digestion of 
and histone solutions of the same histone content were compared by a variety 
of methods. These data are not considered sufiBciently complete and will not be dis- 

further. It may be noted that ribonuclease degraded free histone as well 
.as TNH. 
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though renewed dialysis of a dialyzed digested product against distilled 
water did not result in the further loss of amino acids, dialysis in m sodium 
chloride, against m sodium chloride, now resulted in the free diffusion of 
arginine, but not of nucleic acid, through the membrane. 


Table II 


Residual Protein Constituents in Proteolytically Digested Thymus Kucleohistone 


Substances* 

Preparation No. 

Molar ratios 

N:P 

Tyrosine 
to P 

! Arginine 

to P 

Phenylalanine 

top 

TNH-B* 


8.44 


0,307 




8.04 


0.217 

0.095 

TNH-R 


6.43 

0.051 

0,216 




5.53 

0.035 

0,062 

0.090 

TNH-CT 


5.32 

0.013 

0,143 




4.91 

0.014 

0,043 

0.047 

TNH-T 

1 

4.64 

0.022 

0,075 



2 

4.84 

0.028 

0,023 

0.006 

TNH-FT 

1 

4.62 

0.016 

0,0S3 



2 

4.11 

0.000 

1 0.016 

0.000 


* The letters, B, R, etc., possess the same significance as in Table I. Preparations 
1 and 2 are derived from TNH-I and TNH-II. The ratios of tyrosine and phenyl- 
alanine to phosphorus of TNH-B2 were identical with those of TXH-II. 


Table III 


Viscosity of Digestion Products of Thymus Nvclcohistone-I 


Substance 

Molar ratio, protein 
N:P 

Specific viscosity in water 
per 0.05 mg. P 

Per cent loss of specific 
viscosity^ by rabbit 
sera in 1 hr. 

TNH-B 

4.69 

0.194 

30 

TNH-R 

2. 68 

0.500 

56 

TNH-CT 

1.57 

0.550 

52 

TNH-T 

0.79 

0.559 

70 

TNH-FT 

0.77 

0.690 

53 


Action of Thymomiclcodepolymcrase in Rabbit Sera {14) — 1 cc. aliquots 
of rabbit sera, diluted with an equal volume of saline, were added to 4 cc. 
aliquots of the digested TNH-I products in the absence of additional elec- 
trclj-te or in m sodium chloride. The change in viscosity at 37° was de- 
termined for a 6 hour period. Sera inactivated at C5° did not appreciably 
affect the viscosity of the TNH products at 37°, eliminating the pos- 
sibility that the rapid decreases observed were due to proteolytic deg- 
radation of the diluted sera. Decreases were not observed in ii sodium 
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chloride, whether the substrates were TNH products or NaDN. The 
percentage loss of specific viscosity after 1 hour as contrasted to the total 
6 hour decrease is given in Table III. 

DISCUSSION 

From the data presented above, several conclusions may be drawn. 
It may be expected that in an antigenic analysis of cellular systems, pro- 
cedures involving proteolytic digestion or autolysis probably result in the 
degradation of the desoxyribonucleoprotcins. The r61e of these substances 
in an immune response is most obscure. The problem of preparing these 
nucleoproteins in an indisputably native state for immunological studies 
has not 3 'et been solved. 

Proteolysis of Chromatin — ^Nucleoproteins have been demonstrated to 
be a most important component of chromatin, and the degradation by 
proteases of those portions of chromosomes apparentlj' bound to nucleic 
acid has been known for some time. This treatment, if carried to com- 
pletion in the absence of a nucleic acid precipitant such as lanthanum 
ion, results in the disintegration of the chromosome (15). In these in 
vitro tests, proteolytic degradation of TNH resulted in increased inter- 
jiiction of freed portions of nucleic acid; i.e., disaggregation wthin mole- 
cules of TNH resulted in increased aggregation of the partially degraded 
molecules on an intermolecular level. Thus protein movement from a 
portion of a chromosome might result in a localized increased interaction 
of residual nucleic acid, preserving the apparently quiescent gross form of 
the chromosome whose metabolism and internal transformations may be 
intensely active at the moment considered. The ease of degradation of 
TNH by various proteolytic enzymes is in marked contrast to the inability 
of these same enzymes to degrade the few well defined ribonucleoproteins, 
the plant viruses (16-18). 

Ribonnelease As Proteolytic Ei^zyme — The demonstration that the prep- 
arations of ribonuclease have a marked proteolytic effect on TNH and 
histone raises some interesting points. This effect is manifested by the 
removal of considerable amounts of arginine and tyrosine and only small 
amounts, if any, of phenylalanine from the nucleoprotein, as well as by 
marked viscosity changes characteristic of proteolysis by other enzyme. 

A comparison of the proteolysis effected by ribonuclease ivith those of t e 
other enzymes appears to indicate a considerable degree of dissimilan y 
in the mechanism of their action. It is impossible to say at present whet er 
the proteolytic activity of ribonuclease preparations is an intrinsic proper y 
of the ribonuclease molecule or is due to the presence of a contanunan . 
Similar preparations have been used by numerous workers 
the presence of ribonucleic acid in nucleoli, in the hulls of Gram post i 
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bacteria, in cytoplasmic bodies, etc. It is necessary to ask whether the 
loss of nucleotide properties, considered by these workers to be of ribo- 
nucleic acid origin, may not be a non-specific loss of nucleotides, such as 
adenylic acid, due to the proteol 3 d;ic degradation of the protein to which 
they were bound. 

Specificity of Proteolysis — ^An examination of Table II, presenting the 
molar ratios of amino acid to phosphorus in the two sets of TNH and the 
degradation products, reveals some interesting correlations. In the 
control nucleohistones, TNH-Bl and TNH-B2, the difference in arginine 
to P ratios (0.307—0.217=0.090) is equivalent when converted to N:P 
by multiplying by 4, to a difference of 0.36 in the N:P ratios. The actual 
difference found in the latter is 0.40. Thus within two preparations of 
TNH, the variation in arginine content accounts for at least 90 per cent 
of the total variation in the nitrogen content. In contrast to the results 
on arginine, the tyrosine to P ratios are practically identical. 

In the derived preparations of TNH-CT, the difference in the arginine 
to P ratio accounts even more precisely for the difference in N : P, while the 
tyrosine to P ratios are again identical. Furthermore, the differences 
in arginine to P and N:P, 0.100 and 0.41 respectively, observed for these 
degraded products are essentially those of the starting materials. In 
this system, therefore, the variable arginine of TNH represented by these 
differences not only is not removed by degradation but does not affect 
the course of degradation, at least rvith respect to the amount of tyrosine 
removed and presumably of the other amino acids as well. 

In contrast to the above, when the degradations are accomplished uith 
ribonuclease, tiypsin, and Fairchild trypsin, it may be seen that the initial 
arginine content affects the quantity and quality of degradation with 
respect to arginine, tyrosine, and total nitrogen. This phenomenon is 
most marked with trypsin. Thus the difference in arginine content in the 
starting materials w'ould appear to affect the course of hydrolysis for some 
enzymes but not for others. Since it is known that trypsin is reactive with 
peptide linkages involving the carbonyl group of a basic amino acid, it 
nught be expected that this enzyme would be more sensitive to differences 
m argiaine content than is chymotrypsin. The latter is reactive with 
peptide linkages involving the carbonyl groups of aromatic amino acids 
(19), in addition to the other specificities w'hich it possesses (20). 

Pepolymervsalion of Free and Bound Nudeic Acid — When employed in 
punfied systems containing ribonucleic acid, ribonuclease will apparently 
depolymerize free ribonucleic acid but not ribonucleoproteins (18) In 
the case of the crude desoxj'ribonucleodepolj'merase of rabbit sera, the 
depoljTnerization of nucleohistone, nucleic acid, and of all the intermediate 
proteoljlically degraded products, occurs with considerable facility. The 
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inability of this enzyme to act in m sodium chloride is perhaps another 
indication of the dissociating effect of this concentration of electrolyte on 
nucleic acid-protein linkages. The combination of this substrate and 
enzyme may be inhibited by solutions of high ionic strength. On the 
other hand, a small amount of dissociation at low ionic strength may mnt -o 
the nucleic acid from TNH and products available for depolymerization 
by this enzjine. 

DmociabiUty of Nvdcohi stone in Concentrated Electrolyte — considerable 
portion of the data presented points to the dissociating effect of ii sodium 
chloride on TNH. This raises questions concerning the use of this solvent 
ns a general method (6, 21) for the preparation of desoxyribonucleoproteins 
in a mode of organization closely approximating the native relationship 
of nucleic acid and protein. Tliesc data may be summarized as follows. 

Polymerized NaDN maj' be prepared bj' the solution of TNH in .m 
sodium chloride, followed bj* precipitation of separated NaDN ivith alcohol. 
This separation does not occur to the same extent in the absence of salt. 

The high viscosity of solutions of NaDN is approached by products 
resulting from proteolytic degradation of TNH. The specific viscosity 
in water of the degraded products at the same P concentration is approxi- 
mately in the order of increasing nucleic acid concentration irithin the 
substance studied. 

The viscosity of solutions of undialyzed TNH is markedly increased 
to a value approaching that of poljTncrized NaDN, following adjustment 
to molaritj' with respect to sodium chloride. 

The viscosities of solutions of TNH and its degraded products in M 
sodium chloride are essentially identical at the same nucleic acid con- 
centration. 

Degraded nucleoproteins, completely dialyzed in water, jdeld dialyzable 
amino acids in xi sodium chloride. The dialyzability of protamine from 
nucleoprotamines in the latter solvent has been demonstrated by Mirskj 
and Pollister (G). 

This summation may be interpreted as demonstrating that removal o 
protein from TNH by digestion produces effects which may be extrapolated 
to the effects observed in .xi sodium chloride. That is, the poljTnerization 
phenomena observed in both systems are complctelj’’ explicable in tern« 
of the liberation of nucleic acid moieties available for interaction an 
aggregation. Finally, it appears that the partial liberation of nucleic 
acid effected by proteolysis may-^ be carried to completion at any stage J 

M sodium chloride. .. 

It would appear to be established that the dissociabihty of deso^^ 
nucleoproteins in >i sodium chloride is considerably greater than in so u lo 
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of low electrolyte concentration. If the general method of preparation 
proposed (6, 21) involves extraction of tissue wth the former and pre- 
cipitation vdth^the latter, it is not unlikely that a eonsiderable reshuffling 
of the two original components, nucleic acid and protein, occurs with each 
reprecipitation. Furthermore, the combination of protein not originally 
present in the complex becomes possible. If one is concerned with studies 
of chromatin and its various actmties, it is not considered that materials 
prepared by this method would behave in a manner similar to the original 
chromatin, since the mode of organization has probably been altered. 

SUMMARY 

Preparations of thymus uucleohistone have been digested with various 
proteolytic enzymes. The changes in amino acid composition and vis- 
cosity as a result of proteolytic degradation have been presented. It has 
been demonstrated that crystalline preparations of ribonuclease have 
proteolytic activity. The degradation of desoxyribonucleoproteins as well 
as desoxyribonucleic acid by the thymonucleodepolymerase in rabbit sera 
has been described. It has been shorvn that the nucleic acid-protein linkage 
in these substances is dissociated to a greater extent in M sodium chloride 
than in water. This phenomenon has been correlated with viscosity effects 
attendant on the freeing of nucleic acid by the removal of protein, per- 
mitting increased nucleic acid interaction. The implications of these 
findings for the preparation of desoxyribonucleoproteins have been dis- 
cussed. 
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CHEMICAL DETERMINATION AND URINARY EXCRETION 
OF THE METABOLITE N‘-METHyLNICOTINAMIDE 


Br MELVIN HOCHBERG, DANIEL MELNICK, ano BERNARD L. OSER 
{From the Food Research Laboratories, Inc., Long Island City, New York) 

(Received for publication, December 20, 1944) 

Independent studies in two laboratories have led to the development 
of chemical tests for the early diagnosis of pellagra. Melnick and asso- 
ciates (1-3) reported the excretion in urine of a compoimd which fails to 
react like nicotinic acid or amide with cyanogen bromide and aniline 
(Koenig reaction) unless previously subjected to alkaline hj'drolysis. 
The physical and chemical similarity of the metabolite to trigonelline, 
the anhydride of N‘-methylnicotinic acid, suggested that the latter may 
be a normal minary constituent derived in part from dietary sources. 
With increasing dosage of either nicotinic acid or nicotinamide, there %vas 
a parallel increase in the urinary excretion of the metabolite. Pellagrins 
were observed to excrete only small quantities of this substance, a finding 
which led to the development of a standardized urinary excretion test for 
the early detection of nicotinic acid deficiency. Using modifications in 
the basic analytical techniques, a number of investigators (4-7) reported 
confirmatory data and similar conclusions. 

Najjar and associates (8-11), on the other hand, approached this problem 
through an unrelated analytical procedure. They reported that normal 
subjects excreted appreciable quantities of a compound, readily converted 
by alkalinization and subsequent extraction with butanol to a highly 
fluorescent substance. Only small amounts of this compound were found 
m the urine of nicotinic acid-deficient subjects. The variability in response 
fohoTving mcotinic acid or amide dosage paralleled the basal urinary 
excretion. It was subsequently reported by Huff and Perlzweig (12) 
that the urinary metabolite was N'-methylnicotinamide. In addition, the 
latter workers demonstrated that the compoimd responsible for the positive 
Koenig reaction after alkaline cleavage was N'-methylnicotinamide 
rather than the anhydride of N'-methylnicotinic acid (trigonelline). Thus, 
two entirely different methods for the detection of nicotinic acid de- 
ficiency, the colorimetric (3, 6) and the fiuorometric (9, 11), are ac- 
tually dependent upon the measurement of the same compound. 

Because of its greater precision the fiuorometric procedure lends itself 
more readily to quantitative standardization. In our studies with normal 
subjects on the availability of the water-soluble mtamins (13), excellent 
correlation was found between the urinary excretion of the mtamins (or 
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derivatives) and intake. However, tlie attainment of such results in 
studies with nicotinamide was onlj- possible when Najjar’s method (8, 11) 
was improved to permit quantitative recoveries of added N’-methyl- 
nicotinamide. 

In the present paper are presented a modifieation of the fiuorometric 
procedure and data on the urinary* excretion of N^'methvlnicotinamide 
by normal subjects before and after nicotinamide dosage. All values for 
tiic urinary excretion of the metabolite were obtained with N‘-methyl- 
nicotinamide chloride as the reference standard. However, the results 
arc more conveniently expressed in terms of nicotinamide on an equimolar 
basis, especially since the exact structure of the metabolite is in dispute. 
One group of investigators believes it to be the chloride (12), while another 
considers it to be the carbinol (14). Only in the experiments dealing mth 
a critical evaluation of the analytical method involving recovery tests, 
etc., are the results expressed in terms of the reference standard, N'- 
methylnicotinamide chloride. 


r.XPBRlMESTXL 


Synthetic N'-methylnicotinamidc chloride was prepared as described 
by Huff and Perlzweig (12). Tlie white, crystalline compound melted 
at 230° and its picrate at 186°, both uncorrected. When tested by the 
alkalinization procedure described in this report, the fluorescence of 25 r 
produced a deflection of approximately 75 galvanometer units on the 
Pfaltz and Bauer fluorophotometer.* 

In Fig. 1 arc presented the ultraviolet absorption cuiA’es of the crj'stalline 
N'-methylnicotinamidc chloride and U. S. P. nicotinamide in aqueous 
solution at pH 9.7. The data were obtained with a calibrated Beckman 
spectrophotometer nith the hydrogen discharge tube and calibrated 
quartz accessories.- Extinction ratios," i.c. the ratios of the e.xtinction 
coefficients at each wave-length to that at the absorption ma.ximum, are 
plotted from 240 to 300 m/i. 

The absorption curves differ considerably* from those reported by* Hun 
and Perlzweig (12); they do agree, however, in the position of the absoip- 
tion maxima for the two compounds. A sample of N'-methylnicotinanu e 
chloride, now used for reference purposes by Dr. Y. A. Najjar of the Johns 


» The fluorometer and filters are the same as those used in determination 

Bi by the thiochrome procedure (15). They may* be obtained from Pfaltz an a 

Inc., Empire State Building, New York. „ , 

= Manufactured by the National Technical Laboratories, South Pasaden. , 

• Plotting ratios rather than extinction coefficients yields absorption curt es 
arc independent of the concentrations of test materials. 
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Hopkins Hospital, gave exactly the same absorption data as the sample 
prepared in our laboratories. 



Fig. 1. Ultraviolet absorption curves of X'-methylnicotinamide chloride and 
nicotinamide in aqueous solution buffered at pH 9.7 with carbonate-bicarbonate 
bulTer. 


Method 

The method employed for the determination of N'-methylnicotinamidc 
in urine involves adsorption of a small aliquot at pH 4.5 on a column of 
E>Tithetic zeolite, elution vith potassium chloride, alkalinization, and ex- 
traction of the resulting fluorescent compound with normal butanol. The 
fluorescence is measured and compared with that obtained with a standard 
solution of N'-methylnicotinamide carried through the entire procedure. 
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A blank correction is made for the possible presence of butanol-soluble 
fluorescent compounds in the eluate prior to alkalinization. 

Apparatus — 

Fluorometer. In these studies a Pfaltz and Bauer model A fluoro- 
photometer was used with a Coming red ultra No. 5840 filter for the 



Fig. 2. Appar.itus for the adsorption and elution of N’-meth)’!nicotin.amide m 
urine. 

irradiating light beam, and two filters for the fluorescent light. The latter 
were a straw-yellow noiiol shade A, No. 038, and a light shade blue-gieen, 
No. 428. Any similar instrument may bo employed.* 

Adsorption column. The apparatus used for the adsorption and elution 
of the N*-methylnicotinamide chloride in urine is shoim in Fig. 2. re- 
cautions have been taken in the construction of the apparatus to preien 
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contamination of the samples with fluorescent substances present in 
rubber. A glass funnel is sealed to the top of a condenser. This is con- 
nected by means of a ground glass joint to a zeolite filter. The latter is a 
tube having an internal diameter of 8 mm. for a length of 4.5 inches beyond 
the joint, followed by a constricted portion about 4 mm. in diameter. A 
plug of glass wool is placed at the top of the constriction, and the tube is 
fiUed with the treated zeolite to a height of 4 inches; this requires about 
3 gm. of the adsorbent. The zeolite filter is fastened to the bottom of the 
condenser by two 2 inch steel springs, joined to glass hooks. At the bottom 
of the apparatus is a 2 liter suction flask which acts as a reserrmir. This 
is equipped with a 2-way stop-cock for connection to suction or to the 
atmosphere. Also shown is a receiving tube, calibrated at ‘the 15 ml. 

, mark. This is suspended from glass hooks in the stopper of the flask to 
collect the eluate. The condenser, which acts at times as a steam jacket, 
is connected to a laboratory steam line, or to a 1 liter flask of boiling water 
equipped with a 2-way stop-cock. 

Alkalinization vessels.* 30 ml. separatory funnels or glass-stoppered 
centrifuge tubes. It is preferable not to use a stop-cock lubricant; how- 
ever, if used, it should be tested for absence of fluorescence in butanol 
before and after alkalinization. 

Reagents — 

Standard solution. 50.0 mg. of N’-methylnicotinamide chloride' 
are dissolved in about 500 ml. of distilled water containing 0.5 ml. of 
concentrated hydrochloric acid. Distilled water is added to bring the 
volume to 1000 ml. The solution, preserved in the refrigerator in a glass- 
stoppered amber bottle, is stable for at least 1 month. The standard 
contains 50 y of N‘-methylnicotinamide chloride per ml., equivalent to 
35.4 y of niootinamide on a molar basis. 

Working fluorescent standard. A fluorescent glass block' has been 
found more convenient and reproducible as a secondarj' standard than 
the usual quinine sulfate solution (17). When used with the instnunent 
and filters described in the present report, the block has a fluorescent 
intensity equivalent to that of 0.3 y of quinine sulfate per ml, of 0.1 N 
sulfuric acid. 


‘These are the vessels in which the oxidation of thiamine to thiochrome takes 
place in the fluorometric method for estimating thiamine (15). They may be ob- 
tained from Pfaltz and Bauer, Inc., New York. 

‘ The compound may be prepared by the method of Huff and Perlzweig (12) or 
harrer ci ol. (16) or may be purchased from W. A. Taylor and Company, 7300 York 
Road, Baltimore, Marjdand. 

' Obtained from the Bausch and Bomb Optical Company, Rochester, New York. 
Ihe block is used merely to set the fluorometer each time a reading is taken. A 
pnmaiy standard of N‘-methylnicotinamidc is carried through the entire procedure 
to calibrate the instrument each day. 
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Acetate buffer at pH 4.5. 15.0 gm. of sodium acetate are dissolved 
in 2.5 liters of distilled water and 2.0 ml. of concentrated sulfuric acid are 
added. 

Zeolite.^^ Approximately 50 mesh. This is first prepared in bulk by 
stirring iritli four 10 volume portions of 3 per cent acetic acid for 10 minutes 
each. Between the second and third acid wash, a 15 minute treatment 
with 5 volumes of neutral, 25 per cent potassium chloride is introduced. 
The zeolite is washed consecutively with water, alcohol, and ether, and 
then dried in air and stored in a sealed bottle. 

Eluting solution. 250 gm. of potassium chloride are dissolved in sufB- 
cient distilled water to make 1000 ml. 

Alkalinizing solution. 75 gm. of sodium hydroxide are dissolved in 
sufficient distilled water to make 500 ml. 

n-Butanol, c.r. The solvent should be checked for fluorescence. After 
use, it may be recovered by distillation; charcoal treatment is not suitable. 
To prevent contamination with fluorescent impurities, contact uitli 
rubber should be carefully avoided. 

Anhydrous sodium sulfate, c.r. The commercially av.ailable anhydrous 
salt should be dried overnight at 110° and stored in a tightly closed con- 
tainer. 


Procedure 


A 24 hour urine sample is collected in a bottle containing 20 ml. of 3.5 s 
sulfuric acid. The total volume is measured. A C minute aliquot* is 
diluted with the acetate buffer to 50 ml. Tlic solution is passed through 
the adsorption column at room temperature. A filtration rate of ap- 
proximately 2 drops per second is e.asily maintained by the application of 
mild suction, controlled by means o! the 2-way stop-cock. Ste.am is then 
passed through the outside jacket, and 30 ml. of water are poured on the 
column. This is allowed to heat for half a minute and is then draun com- 
pletely through with full suction in order to heat the zeolite adsorbate. 
The N*-methylnicotinamido is eluted immediately by passing 15 ml. of 
the potassium chloride solution down the wall of the hot condenser. Ihe 
ciuate is collected in the receiving tube at the rate of approximate!) 1 
drop per 2 seconds. Tlie last few drops are drawn through by suction. 

The zeolite column is then washed with 300 ml. of distilled water, w i e 


’Decnlso, obtained from The Permutit Company, New York. Zeolite o ‘ 
proper mesh should bo used, since adsorption and elution of the N '-met i) m 
tinamide ore functions of the area of the particles exposed to the soimions. 

• For normal subjects on a basal diet containing approximately W mg. 
tinamide, a C minute sample is taken. After dosage with 100 mg. o ’ 

a 2 minuie aliquot is suffiLnt. In no case should more than a 6 minute sample be 

essayed. 
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steam passes through the jacket. The column is finally cooled to room 
temperature by running the last 75 ml. of wash water through mth the 
steam turned off. The apparatus is then ready for the next sample. A 
standard solution containing 50 y of N'-methylnicotinamide chloride in 
50 ml. of acetate buffer at pH 4.5 is passed through the column in the same 
manner as the diluted urine. A single zeolite column is used for all urine 
samples to be tested on a given day; these may be as many as fifteen 
samples. 

The eluate is mixed and tested as follows: 5.0 ml. are pipetted into 
each of the two 30 ml. separatory funnels or the glags-stoppered centrifuge 
tubes. To one, the blank, 1 ml. of water is added, followed by 16.5 ml. of 
n-butanol. To the other vessel, the same volume of n-butanol is added,' 
then 1 ml. of the alkalinizing solution. The vessels are stoppered im- 
mediately and shaken vigorouslj' for 3 minutes. The water and butanol 
phases are separated by low speed centrifugation for half a minute. The 
aqueous layer is drauii off and discarded and the butanol phase is shaken 
with about 1 gm. of anhydrous sodium sulfate to remove the last traces 
of water. After 15 minutes, during -which time the fluorescence reaches 
a ma.ximum, the butanol extracts are read in a fluorophotometer. IVhen 
the Pfaltz and Bauer model A fluorophotometer is used, the diaphragm is 
adjusted so that the glass fluorescent block produces a galvanometer de- 
flection of 60 units. The block is used only for the setting of the instrument 
before each reading. A test with a standard solution of N'-methylnico- 
tinamide chloride carried through the entire procedure must be conducted 
with each series of samples analyzed. 

Calculation — The 24 hour urinary excretion of N'-methylnicotinamide 
chloride expressed in terms of nicotinamide is calculated as follows: 


Ga 60 minutes 

50 7 X — X — — ^ 

05 ill minutes 


X 24 hours X 0.707 = micrograms per day 


Gu and Gs are the galvanometer deflections of the unknown and the 
standard, both corrected for their respective blanks. M is the size of 
the urinary aliquot tested, measured in minutes. 0.707 is the factor for 
conversion of N'-methylnicotinamide chloride to nicotinamide. 

Evaluation of Method — 'l^arying aliquots of a composite urine sample with 
and without added X'-methylnicotinamide chloride were tested by the 
inethod described above. The results are presented in Table I. Maximal 
initial values and complete recoveries were obtained with 6 minute aliquots 
or less. However, both the initial values and the recoveries decreased 
Progre.ssively when aliquots of more than 6 minutes were tested. In some 
cases recoveries as low as 30 per cent were obtained when 60 minute urine 
aliquots Were passed through the zeolite column. In the case of normal 
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subjects on an adequate basal diet containing approximately 20 mg. of 
nieotinsmide per day, the galvanometer deflection after alkalinization of 
a 6 minute eluate is approximately 20 units, a value sufficiently large for 
precise measurement. _ The reproducibility of the values obtained in 
replicate assays is within ±5 per cent of the average figure. 

The complete recoveries of the added N'-methylnicotinamide chloride 
noted above are obtained when comparisons are made with pure solution 
standards that have passed through the zeolite column. However, the 
fluorescence obtained by alkalinization of a zeolite elutate is approximately 
85 per cent of that obtained with a 25 per cent potassium chloride solution 
containing the same initial concentration of N'-methylnicotinamide chloride 

Tabi.e I 

EJfecl of Size of Urine Aliquot on Initial Value and Recovery of Added N’-MelhyU 

nicotinamide Chloride 

Tests were conducted on n composite of Rve 2i hour urine samples obtained from 
five normal, male adults subsisting on a ration furnishing 23 mg. of nicotinic acid 
(predominantly as the amide) per day. Aliquots of the urine were buffered at 
pH 4.6 and passed through the zeolite column. 


Aiiquot 

Bisal eicred'on 

Recovery of added N**fi)eUjylaia>tfo4aMe 
chloride 

1 Found 

Ter cent of 
nazlma} value 

Total found {8J) mj, 
per 24 hf». added) 

Recovery of added 
cowpound 

win. 



wf » per 24 hs. 

percent 

GO 

i 5.8 

67 

12.0 

77 

•10 

C.O 

77 

13.0 


25 

7.5 

87 

14.1 

1 83 

12 

7.8 

91 

15.4 

95 

G 

8.6 

ICO 

16.9 


3 

8.6 

100 

16.6 



before passing through the column. In an attempt to e.xp!ain this apparent 
loss, the fate of the compound during the zeolite adsorption-elution step 
was investigated. 100 -y in a volume of 25 ml. of acetate buffer were pass^ 
through the column. The filtrate and 25 ml. washing were colieetw 
independently. 25 ml. of potassium chloride were employed for the 
elution and the eluate collected in successive 5 ml. fractions. The resu te 
are given in Table II. Only negligible amounts of N‘-methylnicotinnroi e 
chloride were present in the filtrate and the washings of the zeolite column. 
84 T were found in the first 15 ml. of eluate, wth 3 7 iu the next 5 m an 
a negligible amount in the next portion. Recoveries of 81 to 86 per cen 
are obtained routinely when the recommended 15 ml. . 

elution, regardless of whether the column is being “Imlund 

tenth sample and whether the tests are conducted with the p 


or 
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in pure solution or added to 6 minute urine aliquots. Though these 
experiments do not indicate the fate of the missing 15 per cent, the results 
stress the importance of carrying the standard through the zeolite step to 
insure proper evaluation of the results. 

Urinary Excretion of N^-Methylnicolinamide by Normal Subjects — Data 
on the ruinary excretion of N'-methylnicotinamide by eight normal male 
subjects are presented in Table III. These uere laboratory workers nith 
good dietary histories. On test days an adequate diet containing (19) by 

Table II 


Fraclionalton of N'-Methxjlnicolinamide Chloride in Adsorpiion-Elution Step 
100 y of N‘-methylnicotinamide in 25 ml of acetate buffer at pH 4 5 ivere passed 
through the column The adsorbate was washed uith 25 ml of hot water 


Fraction 

Ni-Methylnicotinamide 

Filtratef 

per cent* 

0.6 

Waahingt 

0 3 

Eluate, iBt 5 ml 

51 

2nd 5 “ 

27 

3rd 5 “ 

6 

4th 5 " 

3 

Sth 5 " 

0.6 

Total 1 

8S.5 

15 ml eluate, zeolite column (o) 

84 

15 “ " « “ (b) 

81 

15 “ “ << " (c) 

86 

15 “ “ " “ ((fj 

86 


* The fluorescence was compared with a pure solution standard made up directly 
in 25 ml. of 25 per cent potassium chloride without passage through the column 
t Solid potassium chloride was added to these solutions to 25 per cent concen- 
tration before the alkalinization. 

analysis 23 mg. of nicotinic acid (predominant!}^ as the amide) was ingested. 
The excretion X’alues before and after postprandial dosage with 50 mg. of 
tucotmamide in aqueous solution are gi\ en. The total excretions following 
dosage were corrected for the basal figures to obtam values for the extra 
urinary excretions attributable to the test dose. Fairly good correlation 
"as obtained between the basal x-alues and the fractions of the test dose 
excreted. However, the urinary excretion figures could not be correlated 
"ith the size of the indhuduals. 

In Fig 3 are plotted the values for the extra urinarj' excretions of N‘- 
niethylnicotinamide for five of the same subjects taking at three wide!}' 
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N’-.\tBTHYLXICOTIKAMIDE IN URINE 


Table III 

Urinary Excrclion of N'-Mclhylnicotinamide by Normal AduU Males before andafitr 
Supplementation of Basal Ration vsith 60 Mg. of Nicotinamide 


The test dose was taken in aqueous solution immediately after the largest meal ot 
the day. The subjects subsisted during the test periods on a standardized besal 
ration which furnished 23 mg. of nicotinic acid (predominantly as the amidelperday. 






I 2i hr. urinafy ejcrttioa of Jy'-methyhicoticaaiiJst 

Subject 

Hcifrbt 

WeiRht 

Surfjce 

arts* 

Subjects 00 basal 
ration alone 

Subjects recelvlaff suppleseat 
4 - basal ration 




Basal 

cxczttloa 

Per cent 
of dietary 
Intake 

Total 

cxcrctioa 

"Extrs 

cicrelioa 

Ter cent 
cf 

test dose 

i 

cr*. 1 

it- 


Kf. 


mf. 



F. 0. ! 

161 1 

01 

1.65 

3.1 

13 

S.7 


11 

D. K. 

166 

5S 

1.65 

3.4 

15 

8.7 


11 

J. C. 

166 

63 

1.70 

S.O 

35 

22.7 ! 

14.7 

29 

E. M. 

166 

6S 

1.76 

7.2 

31 


13.6 

27 

D. M. 

170 

75 

1.S6 

7.7 

33 

1 ^7.5 

9.S 

2C 

E. E. 

I 174 

i 73 

1.S7 

5.S 




9 

M. H. 

, 174 

75 

; 1.S9 

4.S 


■SB 


10 

H. H, 

m 

' S6 

2.15 

3.S 


m 

Hi 

15 

Average . . 

171 

70 

1.S2 

5.5 

24 

13.8 

8.3 

17 


* Estimated directly from a nomogram (IS) based upon figures for height and 


weight. 

t Calculated as nicotinamide on an equimolar basis. 



Fio. 3. Urinary excretion of N>-inetbyInicotinanude by np. 

nostnrandia! ingestion of nicotinamide in aqueous solutmn. 

resents the average responses, the fine lines the mdmdu resp 
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spaced intervals test doses of 50, 100, and 200 mg. of nicotinamide. The 
same standardized dietary and dosage procedures mentioned above were 
employed during each test period. Although there nas an appreciable 
variation between subjects in the values obtained at a given dose level, the 
responses of each subject were fairly consistent at different levels of nic- 
otinamide intake. 

The rate of excretion of extra N‘-methylnicotinamide following oral 
dosage with 50 mg. of nicotinamide was also determined with these subjects. 
The corresponding values for the preceding basal 24 hour period were 
subtracted from the figures obtained following nicotinamide dosage. The 
results are presented in Table IV. On the average, 37 per cent of the 

Table IV 

Periodic Urinary Excretion of Extra N'~Methylnicotinamide* by Normal Adult Males 
Follouiing Oral Postprandial Dosage with SO Mg of Nicotinamide 


The test dose v, as taken at 1 00 p m immediately after a large, noonday meal , and 
iinne samples were collected for the periods indicated 


Subject 

1 

Extra penodic excretion j 

Total extra 
excretion 
during 24 hrs 

1st 4 hrs 

2nd 4 hrs 

j 3rd 4 hrs j 

Subsequent 

12 hrs 


Mg 1 

Mg 

mema 

Mg 

mg 

E M 

4 2 

2 8 


5 3 

13 6 

J C 

4 2 

1 4 

HIH 

7 4 

14 7 

D M 

3 9 

1 6 


3 0 

9 8 

M H 1 

3.5 

1 3 

0 3 

0 1 

5 2 

H H 

3 4 

1 9 

I 07 

1.7 

7 7 

Average 

3 8 

1.8 

1 1 

3 5 

1 

1 10 2 


• Calculated as nicotinamide on an equimolar basis. 


total extra excretion occurred during the first 4 hour period. The re- 
maining G3 per cent was almost equally partitioned during the subsequent 
20 hour collection period. These results are similar to those recently 
reported by Ellmger and Coulson (20). It is north pointing out that the 
rate of excretion of N‘-methylnicotinamide follouing oral dosage nith 
nicotinamide is comparable to that for the other water-soluble vitamins, 
thiamine, ascorbic acid, and riboflax’in (13), though the latter appear in 
the urine unchanged. These studies nere conducted simultaneously ndth 
the same subjects. 


DISCUSSION 


The procedure for the determination of N‘-methylnicotinamide described 
m the present report has many advantages over others previously pub- 




















27G 


N*-METHYLNICOTINAmDE IN tlRINE 


lished. The use of the semiquantitative colorimetric procedure requires 
rigid dietary control (3, 6) in order to limit the intake of trigonelline, which 
is ubiquitous in nature. The colorimetric method fails to differentiate 
the nicotinamide metabolite from trigonelline, a normal urinarj' constituent 
passively excreted following ingestion of the betaine (2, 4). The early 
fluorometric method (8) lacked a crystalline standard for recovery' tests, 
and could only be regarded ns semiquantitative. The use of a quinine 
sulfate solution as a primary standard (8) has been found unsatisfactory- 
in our hands compared with crystalline N*-methylnicotinamide. The 


errors may have been due to variations in temperature and concentration 
of dissolved gases (21) in the quinine solution. The importance of limiting 
the size of the urine aliquot taken for adsorption on the zeolite has also been 
recognized recently by Coulson and associates (22). Procedures for testing 
larger aliquots (11, 12) undoubtedly give low results. It is probably for 
these reasons and because of the small test dose (10 mg.) of nicotinic acid 
that Mickclsen (23) failed to find any increased urinary excretion of 
N‘-methj’lnicotinamide following dosage with nicotinic acid. Furthermore 
the amount of the metabolite found in the urine following nicotinic acid 
dosage may be only one-half of that associated with nicotinamide (20) 
owing to the fact that nicotinic acid is also excreted to an appreciable 
extent as nicotinuric acid (2). 

In the recent paper by Ellinger and Coulson (20) much emphasis is 
directed to the disproportionately Targe basal excretions of N*-methyI- 
nicotinamide. The authors offer this ns evidence for the availability to 
the organism of the \itamin from a source other than dietary. Un- 
fortunately their basal rations were not tested for nicotinamide content. 
In the present study when such analyses were made the percentage ex- 
cretion of the dietary vitamin as N'-methylnicotinamide was found to 
approximate more closely ’that follo^ving dosage with extra nicotinamide. 
Nevertheless, the somew-hat greater percentage excretions obtain^ during 
the basal period must be regarded as real, since without exception these 
were observed with all eight test subjects. However, before the hj^othesis 
of Ellinger and Coulson (20) can be accepted, the absolute specificity o 
the fluorometric method for N‘-methylnicotinamide in urine must e 
demonstrated. No improvement in the specificity of the present ° 
occurs when preliminary charcoal clarification of the sample, as descri e 
by Najjar (11), is carried out. 


SUMMARY 

A method is presented for the chemical deterimnation of N 
nicotinamide in urine. The procedure involves direct adso^ 
metabolite on an activated zeolite column, elution with potassium 
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treatment of the eluate with alkali, development of the fluorescence to 
marimal intensity in butanol, and comparison of the butanol solution in a 
fluorometer with a standard similarly treated. Correction is made for the 
blank fluorescence prior to alkalinization. Quantitative recovery of the 
added N‘-methylnicotinamide chloride is routinely obtained only when the 
urine aliquot taken for test is a 6 minute sample or less. The procedure 
has been simplified so that only one zeolite column is necessary and fifteen 
urine samples may be tested by a single analyst in one day. 

"While subsisting on an adequate diet containing 23 mg. of nicotinic acid 
(predominantly as the amide) per day, eight normal subjects excreted in 
24 hours from 3.1 to 8.0 mg. of N’-methylnicotinamide, calculated as nic- 
otinamide. The average basal excretion value was 24 per cent of the die- 
tary intake. The extra excretion of the metabolite following oral postpran- 
dial dosage with 50 to 200 mg. of nicotinamide was approximately 20 per 
cent. Although there was an appreciable variation in the values obtained 
at a given dose level, the responses of each subject were fairly consistent 
at different levels of intake. The rapid rate of excretion of the metabolite 
following dosage with nicotinamide is comparable to that for thiamine, 
ascorbic acid, and riboflavin. 

The authors are indebted to Mr. Sidney "Weiss of these laboratories for 
the preparation of the N‘-methylnicotinamide chloride used as the standard 
in these studies. 
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A NOTE ON THE AMINO ACID COMPOSITION OF 
TYEOCIDINE 


Br HALVOR N. CHRISTENSEN, LAHUT UZMAN, D. MARK HEGSTED 

(From the Department of Biological Chemistry, Harvard Medical School, and the 
Department of Nutrition, Harvard School of Public Health, Boston) 

(Received for publication, December 18, 1944) 

Several details of the amino acid composition of the crj'stalline bacterial 
polypeptide tyrocidine are considered in this communication: (a) the 
presence of Z(+)-aspartic acid has been established by isolation;- (6) alanine 
has been shown not to be present in significant amounts; (c) the presence 
of i(+)'Valine and Z(+)-leucine has been confirmed; (d) evidence has been 
obtained that the tryptophane present is of the 2(4-) configuration. 

IVhile indirect evidence has suggested that aspartic acid is present in 
tyrocidine hydrolysates (1, 2), this has not heretofore been established. 
Alanine, upon the basis of the amino nitrogen precipitated bj' dio.xpyridic 
acid, was supposed to be present (3), but this amino acid could not be 
detected by Gordon, Martin, and Synge (2). These latter authors have 
isolated a preparation of acetylvaline from tyrocidine, but the physical 
constants and analyses observed for this preparation make desirable a 
confirmation of the presence of f(4-)-valine. Finally, no evidence has 
been reported as to which stereoisomeric form of tryptophane is present. 

EXPERIMENTAL 

Isoladon and Dclerminalion of l-AsTparlic Acid — ^Tyrocidine’ was hy- 
drolyzed under a carbon dio.vide atmosphere in a sealed tube, 24 hours at 
110°, in a solution of 1 volume of acetic acid and 2 volumes of 6 n hydro- 
chloric acid. The barium salts of the dicarboxylic amino acids were sep- 
arated (5) and from this fraction the copper salts insoluble in water were 
obtained (6). Upon the basis of the nitrogen content at this point in four 
experiments, aspartic acid was estimated to represent 5.3, 5.G, 5.0, and 
4.6 per cent of the nitrogen of tjTOcidine. This fraction was benzoylated 
according to Fischer (7); benzoyl-2(-l-)-aspartic acid was separated and re- 
crj'stallized twice from water. The needles melted at 179°, uncorrected, 
the same melting point shown by synthetic benzoyl-l(4-)-aspartic acid. 
No depression of melting temperature occurred upon mixing the two. The 
yield from 100 mg. of tjTOcidine hj-drochloride was, after recrj'stallizations, 
3 mg. 

‘ Tyrocidine hydrochloride was isolated according to Hotchkiss and Dubos (4) 
from tyrothricin furnished by the Wallenstein Company, Inc. 
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Absence of Alanine, Source of Interference with Method of Bergmann and 
Niemann (5)— Measurement of the acetaldehyde produced by ninhydrin 
according to tiie method of Alexander* gave values for alanine representing 
only about 0.0 per cent of the nitrogen of tyrocidine, both for a preparation 
previously studied (3) and for recent preparations. Under the conditions 
we employed, leucine caused some interference and probably accounted 
for much of this apparent alanine recovery. Unless the tyrocidine molecule 
is much larger than the evidence indicates (1), these results arc to be in- 
terpreted to indicate that alanine is probably not present in the tyrocidine 
molecule. 

The precipitate obtained from tyrocidine hydrolysates by the addition of 
dioxpyridic acid hius been found to be a tryptophane salt. i(+)-Trypto- 
pimne showed a solubility of 3 mg. per ml. at 5° in a saturated solution of 
sodium dioxpyridale in normal liydrochloric acid. This interference by 
trj’ptophane undoubtedly accounts for the high values for alanine in 
gramicidin obtained by the same reagent (3). Alexander’s method has 
given values essentially confirming .tho.se of Gordon, Martin, and Synge 

(9) for alanine in gramicidin.* 

Bacterial assays for l{-\-)-valine, l{-\-)~lcucinc, and l{-\-)-tryptophanc were 
made with Lactobacillus arabinosua according to the method of Hegsted 

(10) . Each value obtained was based upon assay at five levels. f(+)-Vn- 
line values corresponded to 7.1, 8.5, and 7.1 per cent of the nitrogen, and 
l(+)'lcucinc to 8.4, 7.8, and 8.5 per cent of the nitrogen. Of three acid 
hydrolysates tested, two showed low recoveries of f(-f )-tryptophanc, 
indicating extensive destruction, but Ibe f(-)-)-tryptophanc recovered by 
bacterial assay from a third hydrolysate fcprescnted 8,1 per cent of the 
nitrogen of tyrocidine. Tlic latter value corresponded to a value of 8.6 
per eent of tryptophane found for this same hydrolysate by the chemical 
method of Bates (11). Thus, most of the tryptophane which survived 
acid hydrolysis appeared to be f(-l')-tryptophanc. The characteristic 
instability of tryptophane during the acid hydrolysis of tyrocidine, m 
contrast to the constancy of the recovery of tryptophane in the case o 
gramicidin, has been observed also by Gordon, Martin, and Synge ( )• 
The values found for f(-l-)-valine and /(-b) -leucine are similar to t loso o 
Gordon, Martin, and Synge. 


SUMMARY 

Tho presence of l(-b)-aspartic acid in tyrocidine hydrolysates 
established by isolation and identification. Alanine liM been e own 
present in small amounts if at all. The presence of /(+)-vn in 

‘ Alexander, B., personal communication. Dr. Alexander lins kindly furn' 
wllU dircolionB for this determination in advance of publication, 

> Cbriatensen, H. N . and Hegsted, D. M„ unpublished results. 
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confimed and e\'ideQce obtained that the trj’ptophane is of the 1{-t) con- 
figuration. The folloaing analj-tical results have been obtained, e.vpressed 
as per cent of the tjTocidine nitrogen: aspartic acid 5.1, l(-f-)-valine 7.6, 
l(-b)-leucbe 8.2. 
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THE FAT, WATER, CHLORIDE, TOTAL NITROGEN, AND 
COLLAGEN NITROGEN CONTENT IN THE 
TENDONS OF THE DOG 

By LILLIAN EIOHELBERGER and JEAN D. BROWN 

{From the Departments of Medicine and Biochemistry of the University of 
Chicago, Chicago) 

(Received for publication, January 10, 1946) 

This report includes analytical data on the right and left tendons of 
Achilles and the tendons of the flexor and extensor muscles of the front 
legs of dogs. The usage of these data_ for a satisfactory estimation of 
connective tissue in a tissue is based on the work of Manery, Danielson, 
and Hastings (1), who first suggested that in a tissue the fibers are sur- 
rounded by an extracellular phase comprising the vascular system, along 
with blood and connective tissue mixed with an ultrafiltrate of plasma. 
For defining the values for the amount of connective tissue in an organ, 
the composition of tendon must be known, the assumption being made that 
the ratio of collagen nitrogen to total nitrogen is the same in connective 
tissue as in tendon. Making this assumption, Manery et al. studied the 
water and the electrolyte content of the serum and tendons of rabbits. 
Later, Muntwyler, Mellors, Mautz, and Mangun (2) made a similar study 
on the serum and tendons of dogs. Neither of these two studies included 
the ratio of collagen nitrogen to the total nitrogen in the tendon, but instead 
the values of beef tendon as determined by Mitchell, Zimmerman, and 
Hamilton in 1926 (3) were used. 

The aim of this study, therefore, is to define values for water, chloride, 
fat, total nitrogen, and collagen nitrogen in the tendons of Achilles and the 
tendons of the flexor and extensor muscles of the dog. The report gives 
data on a group of fourteen normal dogs. 

Methods and Procedures 

Dogs weighing 15 to 18 kilos, under nembutal anesthesia, were used for 
the removal of the tendons. Blood was taken under oil from the femoral 
artery for the serum analysis. The tendons of Achilles and the tendons of 
the flexor and extensor muscles of the front legs were removed and placed 
in glass-stoppered weighing bottles. The sections of the tendons removed 
were the bands between the bony insertion and their union with the muscles. 
The available lengths of the tendons from the flexor and extensor muscles 
were used. The Achilles tendons were prepared for analysis as follows: 
The connective tissue sheath covering the tendons of the three heads was 
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STUDIES ON OEGANIC FACTORS REQUIRED FOR PREVENTION 
OF ANEMIA IN CHICICS* 


Br M. L. SCOTT, L. C. NORRIS, G. F. HEUSER, and W. F. BRUCE 

{From the Poultry Husbandry Department, Chemistry Department, and the School of 
Nutrition, Cornell University, Ithaca) 

(Received for publication, December 22, 1944) 

The first evidence for the existence of an organic factor specific for the 
prevention of anemia in chicks was reported in 1940. In that year, Hogan 
and Parrott (1) reported the discovery of a factor in liver, designated 
vitamin Be, which prevented the anemia that develops in chicks fed a 
simplified diet. 

Hutchings, Bohonos, Hegsted, Elvehjem, and Peterson (2), in 1941, 
reported that certain liver fractions which are rich in the “norit eluate 
factor,” necessary for gro’ivth of Lactobacillus casci (3, 4), were active in 
promoting growth in chicks fed a purified diet. Later, Mills, Briggs, Elveh- 
jem, and Hart (5) fovmd that similar fractions, containing the Lactobacillus 
casci factor, were required for hemoglobin formation as well as for grorvth 
and feather development. 

Pfiffner and associates (6), in 1943, reported the isolation from liver of 
a yellow crystalline acid which was highly active in promoting growth of 
Lactobacillus casci and Streptococcus laclis R and which prevented anemia 
in chicks fed a purified diet. They concluded that this substance is 
identical -with vitamin Be of Hogan and Parrott (1) and probably identical 
4vith Peterson’s “eluate factor” (3) and Williams’ folic acid (7). 

In 1943 Stokstad (8) reported the isolation from both liver and yeast of 
a highly purified crystalline factor necessary for Lactobacillus casci. Chem- 
ical analyses of the compound from liver agreed well nith those reported 
for vitamin Be by PfiSner and associates (6) and by Binkley and associates 
(9). Stokstad (8) believed his crystalline Lactobacillus casci factor froni 
liver to be identical with vitamin Be- 
Hill, Norris, and Heuser (10), using a purified diet, showed that neither 
factor R nor factor S of Schumacher and coworkers (11) was identical with 
folic acid. They found that at least one other factor aside from folic acid 
is required for the prevention of anemia in chicks, and that folic acid, if 
anenua-preventing, is active only in the presence of the second factor. 

O’Dell and Hogan (12) reported that the substitution of a biotin con- 
centrate for a liver extract in the basal diet increased the incidence of 

• This work was supported in part by the establishment of a fellowship at Cornell 
University by the Western Condensing Company, San Francisco, California. 
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anemia but, in this case, the chicks failed to respond as well to treatment 
with vitamin Be They suggested that these difficulties may have been 
due to a lack of some other limiting factor. 

Kecently Scott and associates (13) reported that hydrogen peroxide- 
treated pyridoxine and the lactone of 2-methyl-3-hydroxy-4-hydroxymethyl 
-S-carbo-A-ypyridine promoted growth and prevented anemia in cideks fed 
a purified diet, supplemented ndth factor S of Schumacher and associates 
(11) which was prepared from strain S, dried brewers' yeast.^ 

Later, the lactone of 2-mcthyl-3-hydroxy-4-carboxy-5-hydroxyinethyl- 
pyridine was synthesized here,- and an •experiment was undertaken to 
compare its antianemic activity with that of the lactone of 2-methyl-3- 
hydroxy-d-hydroxymethyl-S-carboxypyridine. Anemia, however, was not 
completely prevented as in the earlier work, although the lots receiving 
the lactones showed some improvement in hemoglobin formation over the 
controls. The factor S concentrate used in this experiment was prepared 
^rom a different supply of strain S, dried brewers’ yeast, than that used in 
’'the earlier studies. 

From the work of Pfiffner and associates (6), O’Dell and Hogan (12), 
Stokstad (8), and Hill and coworkers (10) it seemed logical to suspect that 
the Lactobacillus casei factor (vitamin B,) is required in addition to the 
lactone for the complete prevention of anemia, and that the factor S con- 
centrate used in the earlier study (13) contained more of the L. casei factor 
than did that made from the new yeast. Microbiological assays of the 
twq_ diets with L. casei showed that the diet containing factor S prepared 
from the first sample of yeast contained 21 times as much L. casei factor 
as the diet containing factor S prepared from the new yeast. 

These findings led to the stucUes described in this report in which evidence 
is presented demonstrating that both the Lactobacillus casei factor and one 
of the lactones are required for the complete prevention of anemia in 
chicks fed a purified diet. 

In view of the discovery that the lactones possess vitamin activity, as 
shown by the data reported in the earlier communication (13) and tha 
presented here, we have given the name a-pyracin to the lactone of 
methyl-3-hydroxy-4-hydroxymethyl-5'Carbo.xypyridine and the name p- 
pyracin to the isomeric 4-carboxy lactone. 


EXPERIMENTAL 

The studies reported in this paper were conducted with white Legh^ 
chicks, fifteen chicks per lot. The chicks were fed a punn le 

^ * s 

' We are indebted to Anheuser-Busch, Inc., St. Louis, Missouri, for the strain , 
dried brewers’ yeast. -nr v r A.n, rhem. Soc., 

* Scott, M. L., Norris, L. C., Heuser, G. F., and Bruce, W.F.,/. 

67, 157 (1945). 
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similar in composition to that of Hill, Norris, and Heuser (10). The 
composition of the basal diet is presented in Table I. 

In order to assure that the supplements under investigation vere acting 
primarily upon the chicks themselves and not upon the intestinal bacteria, 
p-aminobenzoic acid was omitted from the basal diet and 1 per cent of 
succinylsulfathiazole (sulfasuxidine) was added. When this diet was 
fed alone, grondh failure and severe anemia occurred within the first 
3 weeks, and the mortality was usually extreme. Comparisons of 
chicks receiving this diet with those receiving the diet without sulfasuxidine 
showed that the sulfonamide had no detrimental effect upon the chicks. 


Table I 

Composition of Basal Diet 


In^rrefiient 


InsredicDt 



im 



Corn-starch 

50 7 

Nicotinic acid 

3.0 

Purified casein 

27 5 

Calcium d-pantothenate 

1.63 

Gelatin 

7 5 

2-Methyl-) ,4-naphthoquinone 

1.0 

Salt mixture* 

5 C 

Riboflavin 

1,0 

Soy bean oilf . ; 

4 5 

«-Tocopherol 

1.0 

Cellophane 

3 0 ! 

Pyridoxine hydrochloride 

0.5 

Succinylsulfathiazole 

1 0 

Thiamine chloride 

0,5 

Fish liver oilj 

0.5 

Biotin 

0.01 

Choline chloride . 

0.2 



Inositol 

0.1 




* Described by Hill, Norris, and Heuser (10) 

t Phosphoric acid added to the extent of 0 2 per cent of soy bean oil as an anti- 
oxidant. 

t Contained 400 Association of Official Agricultural Chemists units of vitamin D 
and 2000 U. S. P. units of vitamin A per gm 

Immediately after the preparation of the experimental diets by the 
addition of the various supplements to the basal diet, the experimental 
diets were placed in a refrigerator at 4.4°. Only enough of the diets was 
tvithdraivn at a time to supply the chicks the following 24 hours. 

Experiment 1 — This experiment was conducted to show whether or not 
the Lactobacillus casei factor® supplements the pyracins in antianemic 
and growth activity, and w'hether or not factor S is required in addition 
to these factors for the prevention of anemia. All of the supplements were 
included at a level of 50 j per 100 gm. of diet except factor S, which was 

* We are indebted to Dr E. L. R. Stokstad and Dr. B. L. Hutchings of the Lederie 
Laboratories, Inc., Pearl River, New York, for a sample of crystalline Lactohacillus 
casei factor. 
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added in an amount eqvuvalent to 5 per cent of original yeast. A lot 
of chicks receiving a commercial chick diet was included in this study as a 
positive control. The results of this experiment are presented in Table II, 
Experiment 1. 

The results demonstrated that, when fed alone, neither a- nor jS-pyracin 
nor the Laclobadlliis casci factor was effective in promoting groivth or 
preventing anemia. The high mortality occurring on the basal diet, how- 


Table II 

Results of Grouslh and Hemoglobin Studies 


Experi- 
ment ' 
No. 1 

Supplement* 

No. of 
sur\*ivinB 
chiefs, t 3 wks. 

Average 
weight, 3 wks. 

Hemoglobin, 

3 wks. 

1 

None 

10 

79.9 

gm, fer JOO ce. 

4.17 


a-Pyracin 

9 

89.9 

4.30 


^-Pyracin 

9 

99.5 

4.00 


Lactobacillus casci factor (LCF) 

13 

96.3 

6.50 

■ 

Factor S concentrate (FSC) ! 

8 

75.0 

S.SO 

/ 

a-Pyracin + LCF ' 

U 

120.7 

8.95 


" + “ + FSC 

13 

120.3 

9.44 


^-Pyracin + “ 

14 

144.3 

9.53 


'■ + “ + FSC 

12 

146.0 

1 9.82 


Commercial chick diet 

15 1 

191.9 

10.10 

2 

None 

14 

93.2 

5.16 


j ^-Pyracin 

1 

91.0 

6.70 


1 Lactobacillus casei factor (LCF) 

15 

105.3 

6.61 


Pyridoxal 

15 

97.5 

6.14 


^-Pyracin + LCF 

15 

105.0 

9.50 


Pyridoxal + " 

14 

94.8 

7.11 


* All supplements in Experiment 1 were added at a level of 50 7 per 100 gm. 0 
diet except factor S concentrate, which n'as added equivalent to 5 per cent of origins 
yeast. In Experiihent 2 all supplements were added at a level of 25 7 per 100 gm- 
of diet. 

t All lots were started with fifteen white Leghorn chicks of mixed sexes. 

ever, was largely prevented when the L. casci factor was added to it. The 
combination of either a- or /J-pyracin tvith the L. casei factor produced a 
marked gain in weight over the controls and was completely effective m 
the prevention of anemia. This study also demonstrated that, m t e 
presence of the L. casei factor, /3-pyracin was considerably more 
in promoting groivth at the 50 7 level than a-pyracin, but WM omy ® S \ 
more effective in preventing anemia. In the presence of the L. cas 
factor the addition of factor S had little effect. 

The chicks fed the practical commercial chick diet showed an appre 
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gain in weight over those receiving the experimental diet supjilemented 
with (8-pyracin and Lacldbadllus casei factor. This may be explained by 
the fact that the latter diet did not contain factor R of Schumacher and 
coworkers (11). 

Experiment 2 — This experiment was conducted to determine whether or 
not lower levels of /3-pyracin and the Lactobacillus casei factor prevent ane- 
mia without affecting growdh. The results of this experiment are pre- 
sented in Table II, Experiment 2. 

The results showed that ^-pyracin and the Lactobacillus casei factor, 
each at 25 j per 100 gm. of diet, were effective in preventing anemia when 
supplied together. The slight increase in weight over the controls, however, 
was of doubtful significance. The combination of these factors increased 
the hemoglobin level almost 3 gm. per 100 cc. of blood above that of the 
lots receiving /S-pyracin or L. casei factor alone, while the average weight 
of the chicks receiving both factors was no better than that of the chicks 
receiving L. casei factor alone. The results of this experiment showed 
that smaller quantities of the factors are required to prevent anemia than 
are required to promote growth. 

Snell (14) has recently reported a new factor, pyridoxal, which is active 
in promoting growth of Lactobacillus casei when added to the culture 
medium in place of pyridoxine. In view of its similarity in structure 
to )3-pyracin and its gro^vth-promoting activity for L. casei, pyridoxal* 
was fed to two lots of chicks in this experiment. One lot received the 
basal diet supplemented with 25 7 of pyridoxal per 100 gm.; the other 
received both pyridoxal and L. casei factor at this level. A comparison 
of the antianemic activities of pyridoxal and /3-pyracin is presented also 
in Table II, E.xperiment 2. 

It is evident from these results that pyridoxal was not effective in pre- 
venting anemia ivhen supplied together with the Lactobacillus casei factor, 
although a slight improvement in hemoglobin level was obtained. This 
may have been due to oxidation, in part, to /3-pyracin, since this aldehyde 
appears to be very susceptible to oxidation. 

Under certain conditions it is possible that even pyridoxine, a less readily 
oxidizable compound than pyridoxal, is converted to a very slight e.xtent 
to a pyracin. O’Dell and Hogan (12) reported that the incidence of 
anemia in chicks on their diet was less at the higher levels of pyridoxine. 
Under our conditions, however, no conversion apparently occurred, since 
increasing the level of pyridoxine from 500 7 per 100 gm., the amount in 
the basal diet, to 1000 7 was ineffective in producing anj" increase in hemo- 
globin formation. 

' We are indebted to Merck and Company, Inc., Rahway, New Jersey, for the 
pyridoxal. 
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Hematological .Stt/dies— Hematological studies were conducted to de- 
termine the type of anemia which develops in chicks receiving the basal 
diet and to ascertain the changes in the blood picture produced by the 
administration of /S-pyracin and the Lactobacillus casei factor, singly and 
combined. Red blood cell counts, hematocrit, and hemoglobin determina- 
tions were made simultaneously on at least five chicks from each lot studied. 
From these values the average individual cell volumes, the average amounts 
of hemoglobin per cell, and the average hemoglobin per 100 cc. of packed 
cells were calculated. Representative results of these studies are presented 
in Table III. 

The average individual cell volume was obtained by dividing the hema- 
tocrit value by the number of erythrocytes and converting this value to 


Table 111 

Results of Hematological Studies 


Supplement 

Ked 

blood 

cells 

per 

cmm. 

Hemato* 

Ctll 

Hemo- 

globm 

AvcTSge 

lodivtdual 

ctU 

volume 

Average 
anouQt 
hemo- 
globin 
per cell 

Average 
hemo- 
globin 
per 100 
cc 

packed 

cells 

■* 

mttliotts 

i 

ptr etnt 

tm. ptr 
m cc. 

cuhU 

mtcrons 

micro- 1 
micro- 
Srctftt 1 

Per cent 

Kone 

0.858 

11.2 

2.8 

132.2 



j3-Pyrnein 

LactobaciUus casci factor 

1.520 


7.4 

134.6 



(LCF) 

1.912 

23.6 

6.5 

125.4 

34.4 

27.7 

/3-Pyracin + LCF . | 

2.192 


9.8 


46.2 

38.1 

Commercial chick diet I 

2.214 

' 26.7 

10.0 

122.1 j 

47.9 

38.0 


cubic microns. The average amount of hemoglobin per cell was determined 
by dividing the gm. of hemoglobin per 100 cc. of blood by the number of 
erythrocytes per 100 cc. This value is expressed in micromicrograms of 
hemoglobin per cell. The average hemoglobin per 100 cc. of packed cells 
Avas determined by dividing the gm. of hemoglobin in 100 cc. of blood by 
the hematocrit value. This value is the one used in determining the re - 
ative pigment content of the erythrocytes (15). 

The kind of anemia Avhich developed in chicks on the basal diet Avas c 
macrocytic, hypochromic type, since the average individual cell vo ume 
was larger and the average amount of hemoglobin per 100 cc. of pac 'e 
cells was smaller than the corresponding values for the chicks on e 
commercial diet. 

Mding |3-pyracin alone to the basal diet resulted m marked ‘ 
in both the red blood cell count and the hematocrit values, amoun mg 
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almost twice the values obtained on the chicks receiving the basal diet only. 
The Lactobacillus casei factor added alone also improved these values 
markedly. Although both /3-pyracin and the Laclohacillus casei factor, 
when fed singly, produced an increase in the hemoglobin level over the 
controls, neither was completely effective in preventing anemia. 

The addition of the Lactobacillus casd factor alone to the diet resulted 
ia a lowering of the average individual cell volume, thus changing the type 
of anemia to a normocytic, hypochromic anemia. On the other hand, 
supplementing the diet ivith d-pyracin alone did not affect the cell size, 
but raised the value for the average amount of hemoglobin per 100 cc. of 
packed cells to normal, thereby changing the kind of anemia to the macro- 
cytic, normochromic type. The addition of both the Lactobacillus casei 
factor and /3-pyracin prevented the anemia completely, giving a blood 
picture corresponding to that observed in the chicks receiving a practical 
chick diet. 

Hogan and Parrott (1), using a basal diet containing a 95 per cent alcohol 
extract of liver, reported that the size of the red blood cells and the amount 
of hemoglobin per cell in chicks were increased above normal. These 
values correspond to those obtained by us when ;8-pyracin alone was added 
to the diet. In later work, O’Dell and Hogan (12) removed the liver 
extract from their diet and obtained a macrocytic, hypochromic anemia 
corresponding to the type of anemia which we obtained on our basal diet. 

From the data of Campbell, Brown, and Emmett (16, 17) calculation of 
average individual cell volumes showed that the size’ of the cell decreased 
and approached normal as the level of vitamin Be ivas increased. This is 
m agreement with the results reported here when Lactobacillus casei factor 
alone was added to the diet. 


SUT.IMARY 

Evidence has been presented which demonstrates that the Lactobacillus 
msei factor and either the lactone of 2-methyl-3-hydroxy-4-hydroxymethyl- 
5-carboxypyridine or the lactone of 2-methyl-3-hydroxy-4-carboxy-5- 
hydroxymethylpyridine are required for the complete prevention -of the 
niacrocytic, hypochromic anemia that develops in chicks fed a purified 
diet. The 5-carboxy lactone has been designated a-pyracin and the 
isomeric 4-carboxy lactone d-pyracin. 

0-Pyracin was found to be considerably more active in promoting growth 
than a-pyracin, but was only slightly more effective in preventing anemia. 
Smaller quantities of d-pyracin and the Lactobacillus casei factor were 
required to prevent anemia than were required to promote growth. 

The results of hematological studies showed that when the Lactobacillus 
oosei factor alone was added to the diet, the kind of anemia which developed 
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was a normocytic, hypochromic type. When /3-pyracin was added alone, 
the kind of anemia that occurred was a macrocj'tic, normochromic type. 

The technical assistance of J. T. McHenry and C. L. Schenholm is 
gratefully acknowledged. 
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THE DETERMINATION OF THE ALBUMIN AND GLOBULIN 
CONTENTS OF HUMAN SERUM BY METHANOL 
PRECIPITATION 

Br LOUIS PILLBMER* and M. C. HUTCHINSON 
(From the Army Medical School, Washington) 

(Received for publication, December 22, 1944) 

Although the determination of the albumin and globulin contents of 
human serum by neutral salt fractionation, as in Howe’s method (1), has 
proved useful because of its simplicity, such methods have definite limita- 
tions. Butler (2) has shown that the albumin-globulin separation by 
neutral salt precipitation is not sharp and that these fractions overlap 
one another grossly. Leutscher (3) has also pointed out that salting-out 
methods are most inaccurate in cases in which they are of greatest clinical 
interest, and that a change in the technique of the salting-out methods is 
indicated. 

IVhile it is impossible to defend any of these techniques as necessarily 
yielding absolute albumin and globulin values, accumulated evidence 
indicates that electrophoretic data have more meaning than have results 
obtained by any salting-out method. The method described in the 
present paper has been found to yield albumin and globulin values which 
check closely with the results obtained by the electrophoretic method. 

The method is based on the observation of the present authors that 
normal human serum may be satisfactorily separated into its globulin 
and albumin components by appropriate treatment with methanol. Elec- 
trophoretic analyses of whole serum, and of the separated albumin and 
globulin fractions, show’ed that at 0° almost all of the serum albvunin re- 
mains soluble at a concentration of 42.5 per cent methanol, in the pH 
range 6.7 to 6.9, and at ionic strength of about 0.03, while the globulins 
are almost quantitatively precipitated. 

A comparison of the albumin-globulin ratios obtained electrophor- 
etically and by the methanol technique as well as by sodium sulfate separa- 
tion is given in Table I and indicates that the results obtained ■with the 
first two methods agree within 5 per cent for normal serums, and within 
5 to 10 per cent for abnormal serums. The results by the sodium sulfate 
method are in far less satisfactory agreement with the electrophoretic 
analysis, confirming the recent observation of Dole (4) that albumin- 
giobulin ratios, measured electrophoretically, are roughly tw'o-thirds the 
ratio found by chemical fractionation. 

Present address. Institute of Pathology, Western Reserve University, Cleveland. 
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Procedure 

Reagents — 

Methanol reagent, 60/ ml. of c.p. methanol are added with mixing fo 
393 ml. of distilled -n-ater. The mixture is cooled to 0°, and Bnally made 
up to 1 liter xxdth cold methanol. 

Acetate buffer. 72 ml. of 1 m acetic acid and 12 ml. of 1 m NaOH are di- 
luted to 1 liter -vnth distilled water. 


Table I 


Comparison of Albumin-Globulin Ratio 


Senxm 

No. 

Albumin, gm. per 100 ml. 

Globulioi gm. per 

100 ml. 

Alhumin-globalin ratio 

Electro- 

phoretic 



Electro- 

phoretic 



Electro- 

phoretic 

Methanol 

NaiSO. 

1 

3.29 

3.55 

4.53 

4.96 

4.70 

3.72 

0.65 


1.2 

2 

3.29 

3.34 

5.08 

4.07 

4.02 

2.28 

0.83 


2.3 

3 

4.0 

4.13 

5.04 

4.37 

4.24 

3.33 

0.93 


1.5 

4 

3.64 

3.79 

4.63 

4.79 

4.64 

3. SO 

0.76 

0.82 

1.2 

S 

3.2 

3.4 

4.21 

3.6 

3.4 

2.59 

0.90 

1.0 

1.6 

® 1 

4.14 I 

4.29 

4.75 

3.28 

3.13 j 

2.67 

1.2 

1.3 

l.S 

7 

3.49 

3.43 

4.19 

4.13 

4.19 

3.43 

I 0.84 

I 0.82 

t 1.2 

S 

3.42 

3.62 


3.70 

3.50 


0.93 

1.04 


9 

3.49 

3.68 


3.58 

3.39 


0.96 

l.OS 


10* 

3.9S 

4.12 

4.58 

2.66 

2.52 

2.06 

1.5 

1.6 

2.2 

11 

4.40 

4.41 

5.20 

2.S2 

2.81 

2.02 

1.5 

1.5 

2.5 

12 

4.10 

4.24 

4.22 

2.7 

2.56 

2.58 

1.54 


1.6 

13 

3.95 

4.00 


3.15 

3.1 


1.25 

1.3 j 

_ 


Electrophoretic analyses were performed by Dr. J. AV. Williams, Uni\’eisity of 
Wisconsin; Dr. D. Gordon Sharp, Duke University; Dr. L. G. Longsworth, The 
Rockefeller Institute for Medical Research; Dr. John A. Leutscher, Johns Hopkins 
Hospital; and at the Department of Physical Chemistry, Harvard Medical Schoo . 

• Serums 10 to 13 from normal adults. 

Method 

The serum and all reagents should be maintained at all times between 
0° and +1°. This may be acliieved either by working in a 0° cold room 
or with the aid of a small ice bath, or b^’’ the use of a low tempera ure 
liquid bath. , 

2.0 ml. of fresh serum are pipetted into a 15 ml. conical centrifuge 
and 1.0 ml. of acetate buffer is added with stirring, the temperature emg 
maintained as stated above. To this mixture, 7.0 ml. of cold roe an 
reagent are added vdth stirring. After being thoroughly mi.xe , e 
is allowed to stand at 0° for § hour, during xvhich time the glo u 
have precipitated, while the albumin remains in solution. 
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Either of two methods for the removal of the precipitate may be fol- 
lowed, depending upon the equipment at hand. If a refrigerated centri- 
fuge is available, the suspension may be centrifuged at 0° to -1-2'’ at 3000 
R.p.M. for 15 minutes, after which the clear supernatant is decanted. A 
sample of the supernatant is analyzed for nitrogen; the precipitated pro- 
teins are discarded. If such a centrifuge is not available, the following 
procedure has been found to yield equally satisfactory results. 

A small funnel fitted with a fluted No. 42 Whatman filter paper is 
thoroughly chilled in a cold room or ice box. The cold methanol-protein 
suspension is then filtered and the clear filtrate used for nitrogen analysis. 
The actual filtration may be done at room temperature, provided sufficient 
filtrate for analysis, at least 3 ml., is obtained within 5 to 7 minutes after 
removal of the material from the cold. In our experience, the temper- 
ature of the suspension does not rise above 7° during this time, and results 
so obtamed have been satisfactory. Because of the volatility of methanol, 
aliquots for nitrogen analysis are immediately taken and transferred to 
digestion flasks. 

The albumin filtrates from normal serum usually contain from 1.2 to 
1.5 mg. of nitrogen per ml. of filtrate, while abnonnal serums have varied 
from 0.8 to 1.8 mg. of nitrogen per ml. of filtrate. 

Calculations 

500 X mg, N per ml. filtrate = gm. albumin N per 100 ml. serum 
Gm. albumin N per 100 ml. serum _ 

Gm. total protein N per 100 ml, serum “ 

Gm. total protein N per 100 ml. serum minus gm. albumin N per 100 ml. serum = gm. 

globuliu N per 100 ml. serum 
100 % — % albumin = % globulin 
% Albumin 

globulin “ ^’bumin-globulin ratio 


SUMMARY 

A method employing methanol under controlled conditions is presented 
for the determination of the albumin and globulin contents of human 
serums. Values obtained by this procedure compare favorably with 
results obtained electrophoretically. 
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STUDIES ON VITAMINS Bm AND Bu AND RELATED 
SUBSTANCES IN CHICK NUTRITION* 


Br G. M. BRIGGS, jB.,t T. D. LUCKEY, C. A. ELVEHJEM, and E. B. HART 

(From the Department of Biochemistry, College of Agriculture, University of 
Wisconsin, Madison) 

(Received for publication, January 8, 1945) 

In 1943 ive reported (1) that chicks required two new water-soluble 
vitamins designated as vitamin Bio, necessary for proper feather formation, 
and vitamin Bn, required for growth. These vitamins were shown to be 
distmct from “folic acid” as measured by Streptococcus laclis R and Lacto- 
hacillus casei (2). Later, description was made of some of the properties 
of vitamms Bio and Bn as they existed in relatively crude fractions, and of 
methods for their partial separation (3). Further work on these vitamins, 
including progress which has been made on their purification, is presented 
in this paper. 

Since we are now using crystalline vitamin B^ (4) as our standard for 
bacterial assays, the tenn “vitamin Bj activity” will be used instead of the 
term "folic acid” to include any substance which will cause growth of 
Streptococcus lactis R and Lactobacillus casei on a defined medium (5). It 
is not possible to tell at present whether growth in the bacterial assay of 
various crude materials is due to the presence of vitamin Be itself or to 
related substances such as have been reported (6-8) by various workers 
(see review by Luckey et al. (9)). We feel, however, that the term “vi- 
tamin Be activity” is justified, since recently Williams has pointed out 

* Published with the approval of the Director of the Wisconsin Agricultural Ex- 
periment Station, Supported in part by grants from the Wisconsin Alumni Research 
Foundation and Swift and Company. 

We gratefully acknowledge our indebtedness to Dr. O. D. Bird of Parke, Davis 
and Company, Detroit, for crystalline vitamin Be; to Dr. Hutchings, Dr. Bohonos, 
and Dr. Stokstad of Lederle Laboratories, Inc., for the crystalline Lactobacillus casei 
factor; to Dr. Rl J. Williams, University of Tc.xas, for the “folic acid” concentrate; 
to Merck and Company, Inc., Rahway, New Jersey, for crystalline vitamins; to The 
Wilson Laboratories, Chicago, for solubilized liver (liver fraction L); to Wilson and 
Company, Inc., Chicago, for gelatin; to Sharp and Dohme, Inc., Glenolden, Penn- 
sjlvania, for sulfasuxidine; to Abbott Laboratories, North Chicago, for haliver oil; 
to E. I. du Pont de Nemours and Company, Inc., New Brunswick, New Jersey, for 
crjstalline vitamin D,; to Dr. M. Laskowski, Department of Physiological Chem- 
^“versity of Arkansas, Little Rook, for the enzyme used to determine “poten- 

'0 vitamin Be activity; and to Miss Anita Ziegenhagen and Mrs. Robert Alberty 

or Msistance in various phases of the work. 

T resent address. Department of Poultry Husbandry, Univ'ersity of Maryland, 
College Park, Maryland. 
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STODIES ON VITAMINS Bjo AND Bn 


(10) that there are several different “folic acids,” whereas litamin is 
a crystalline product and a suitable standard. 


EXPERIMENTAL 


The experimental conditions for rearing the white Leghorn chicks and 
methods of assay for vitamins Bjo and Ba have been described preriously 
(1, 3). The basal ration (No. 494K) is very similar to that used in earlier 
work and has tlie follomng percentage composition: dextrin 61, casein 
(Smaco vitamin test) 18, gelatin 10, Salts 5 (1) 6, soy bean oil 5, and !(-)- 
cystineO.3. Each lOOgm.alsocontain tliiamine hydrochloride 0.3 mg., ribo- 
flavin 0,6 mg., Ca pantothenate 2 mg., choline chloride 150 mg., nicotinic 
acid 5 mg., pjo-idoxine hydrochloride 0.4 mg., biotin 0.02 mg., f-inosito! Iflfl 
mg., 2-metbyI-l ,4-naphthoquinone 0.05 mg., and a-tocopherol 0.3 mg. 
Tn addition each chick received 1 drop per week of an oil mixture 
which contains approximateb" 1200 U. S. P. units of vitamin A and 12fl 
A. 0. A. C. units of xdtamin Dj. 

Normal growth, feathering, and hemoglobin formation are not attained 
by chicks fed the basal ration unless a source of unknomi xitaram.s is 
supplied. The ration does not contain added amounts of p-aminobencoic 
acid or ascorbic acid even though their addition results in improved gronth, 
feathering, and hemoglobin fonnation (11, 12). The response to these 
compounds appears to be indirect (11-13), and therefore they are omitted 
from the basal ration. 


Assaj's for xdtamin Be activity were performed by the method of Luefcey 
ei al. (5) with Slreplacoccus lacits R and Lactobacillus casei. The values 
obtained with Lactobacillus casei are not included in this report, since the} 
were similar to those obtained with the other organism. Pure ritamin B, 
has an approximate potenej' of 80,000, and therefore figures for "folic acid 
in our prexrious papers, based on a potency of 40,000, should bedirided 3 
2 in order to make comparisons with the figures given in this report or 
vitamin Be activity. Each fraction has been assayed after acid 
by autoclaxdng at pH 4 for 12 hours ((14) and unpublished data). 's 
method has been used to obtain maximal bacterial actixdty in samp es m 
place of taka-diastase treatment (15). Representative samples vere 
measured for vitamin Be activity also by the use of an enz}Tne J 
by Mims, Totter, and Day (16). The values obtained were not 
higher than those obtamed with acid treatment and thus it is ® 
most of the xritamin Be “conjugate” reported by BinWey cl al. (ID, 1^ 
in yeast and liver fractions, is being measured. _ , resoonse 

(18) has also used acid treatment and has attributed the mere 

to a liberation of a thsunine-like compound. „,,rification 

A scheme is ^ven w'hich has been used successfully for t P 



Scheme for Purificaiion of Vitamins Bn and Bn 
Super Filtrol eluate (see text) 

Make to 7S % ethanol, pH 7 


Make to pH 3 


Preparation 52A (3)* (rich Preparation 2I4B 
in vitamin Bm, Bu, (low activity) 

and Bi activity) 

Concentrate and neutralize 

Dialyze through cellophane 
sheeting (du Pont, No. 300-PT) 


Preparation 30 (1)* 

(some vitamin Bio and B,,, 
low vitamin Be activity) 


Preparation 233C (high vitamin Be Dialjrze through Visking cellulose 

activity, some vitamin Bio and Bu) casing (2} in. diameter used) 


Preparation 233Ef Preparation 233Dt 

Make to pH 3 

i 

Chromatogram on Super Filtrol column 
and develop with water at pH 3t 

r ^ i 

Upper layer Bottom layer 

Preparation 233Gt Preparation 233Ht 

Add excess Ba(OH )2 and make to 50% 
ethanol (let stand in cold overnight) 


Combine filtrates Reprecipitate in 50 % ethanol 

Preparation 249G I 

(low activity) Remove excess Ba with HjSO< 

Preparation 249Bt 

Make to pH 3 and chromatogram 
with Super Filtrol and Super-Cel§ 


UMdsorbed filtrate. Elute with water, pH 7 

Preparation 249D I 

(low actmty) Preparation 249Et 

’ (nigh in vitamin Bn, 

some vitamin Bm, low 
vitamin Be actmty) 


i o'^'jnsj'aphio reference number, 
t See Table I, 

I \n‘'l°ns pH ranges have been used for developing. 
0»l. of 1 part of Super Filtrol to 5 parts of 

'-el; column packed dry. 


Elute with SO % 
ethanol, pH 9 
Preparation 249G 
(low activity) 


Johns-Manville Hyflo Super' 
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of vitiunins Bio and Ba. The Super Filtrol eluate.i the starting material, 
was prepared from solubilized liver bj’- a modification of the method of 
Hutchings, Bohonos, and Peterson (19) (adapted'from the work of Snell 
and Peterson (20)). Methods for the alcohol precipitations and for the 
dialysis procedure have been described (1, 3). 

Table I 


Jtcsulls of Feeding Various Purified Preparations with Basal Ration 49JiK* 


Preparation No. and level fedt 

Vitamin B]g 
activity 
(Icathcrt 
formation) 

Vitamin Bit 
activity 
(MTcighl at 

4 wks.) 

Vitamin Be 
activity 
added per 100 
cm. ration 
(after add 
treatment). 
Strepiffcoecvs 
lectu R 

Hemoglolim 
per 100 cc. 
bloods 

Dry Bitter 
in supple- 
meol per 
100^. 
nlioa 



Sm. 

7 


nf. 

No supplement 

30 

135 

0 

7.3 (20) 

0 

Super Filtrol eluate ~ 5 % 






(control) 

100 

252 

4S 

9.0 (20) 

100 

233D s 10 % 

25 

189 

2.9 

8.0 (41 

2.9 

233E ~ 10 % 

75 

196 

17.0 


5.2 

233G ^ 10 % 

55 

157 

r.s 

8.9 (4) 

1.7 

233H ~ 10 % 

75 

197 

8.9 

9.8 (4) 

6.5 

249B ~15% 

45 

222 

6.0 

8.0 (4) 

U.2 

249E ~ 20 % 

50 

240 

4.8 

8.0 (4) 

1.25 

223C~15%11. . 

90 

253 

9.6 

8.6 (4) 

6.0 


_ * Six chicks per group e.xccpt that the basal and control weights are an average of 
thirtj’ chicks. 

t Expressed as ^ per cent or gm. of starting material (solubilized liver), which has 
been concentrated to the amount given in the last column, per 100 gm. of ration. 

1 0 = very poor; 26 = poor;50 = fair; 75 = good, -100 ■= very good. 

§ The number of chickens tested is given in parentheses. 

!| Similar to Preparation 2I9E; however, the Ba(OH)i precipitation step, ns shown 
on the scheme, was omitted and elution from the chromatogram column was earned 
out at pH 8.5, 

Results 

Results obtained with several of the preparations given in the accom- 
panying scheme are presented in Table I. Preparation 249E supp e ^ 
only 1.25 mg. of dry matter per 100 gm. of ration and produced near) 
ma.ximal growth (witli onl)- fair feathering), thus effecting a concentration 
of vitamin Bn, the growth factor, of nearly ICOO-fold. 

* The Super Filtrol eluatc, norit eluate fraction, and sinular fraction bwe been 
colled "folio acid” concentrates by various workers, which has led to t e ’ ^ 
these fractions contain only “folic acid.” It should be pointed out t a s 
tions as these contain other necessary' factors as well (e.j., v-itaimDS , ^ „ 

which may be as important, or more so, in the nutrition of ammais than 
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per se is required in the diet of the chick. To help to answer this ques- 
tion we have fed samples of concentrated “folic acid” and the new Laclo~ 
bacillus casei factor of Hutchings, Stokstad, Bohonos, and Slobodldn 
(7) (see Table II) and found, as has been reported for the Zaclo- 
bacillus casei factor, that relatively high amounts of these factors did 
increase growth and feathering. Normal growth, however, was not 
attained. The bacterial factor did not appreciably counteract the effects 
of sulfasuxidine (11) ivhich is further evidence that intestinal synthesis of 
other factors is involved when compounds with vitamin Be activity are 
fed to chicks on the basal ration without the drug. 

In two experiments (Group 12) 25 per cent of yellow com-meal was fed 
at the e.xpense of dextrin, •which resulted in a marked rise in mortality, 
as W'ell as poorer groivth and lower hemoglobin values than obtained vith 
chicks ndthout the com. When the “folic acid” concentrate was fed in 
addition to the com-meal, groivth rvas slightly increased, while mor- 
tality was high and the hemoglobin level of the survivors was poor. 

The results given in Tables -I and II show that chicks on the basal ration 
develop an anemia (macrocytic), as we have demonstrated pre'viously rvith 
' chicks on similar rations (21). Although compounds "with vitamin B, 
activit 3 ’’ cause an increase in hemoglobin values, we find that at least one 
other factor is concerned in hemoglobin formation, since fractions low in 
vitamin activity raised the hemoglobin values appreciably. Fractions 
rich in either vitamin Bio or Bn did not completely prevent the anemia, 
which suggests the existence of an unknown factor needed for hemoglobin 
formation. Since the lactone of 2-metbyl-3-hydroxy-4-hydroxyinetbyl-5- 
carboxypyridine had been reported to be a new chick antianemia factor 
by Scott el al. (22), this substance W'as tested at a level of 500 y 
gm. of ration in two 4 week experiments involving twelve chicks. ® 
results showed no antianemia, growth, or feathering actmty for the ex- 
pound ivhen fed on our ration and, therefore, it is not identical ivith ei er 
vitamin Bio, vitamin Bu, or the suggested new hemoglobin factor. 

DISCUSSION 

In the past year Hutchings el al. (7) have reported the 
Laclohadllus casei factor from an unknown source and stated a 
compound was “active in the nutrition of the chick.” Results wi 
substance (Table II) confirm their work (7, 23) to J fed 

can be obtained with this compound. Hertz and SebreU ( ) 
the new Lacldbacillus casei factor of Hutchings el al. to chic ^ 
that an adequate intake of this factor is essential for the normal meta 

°^]PMner el al (4) stated that normal growth and bemoglobm production 
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were obtained by feeding crystalline vitamin Be to chicks receiving a 
deficient rafion. In a later paper Campbell, Bro\vn, and Emmett (25) 
reported, vdth the use of a ration somewhat comparable to ours, that 
100 y of vitamin Be per 100 gm. of ration were required “to maintain the 
birds on the normal plane” of growth. They also stated that 40 y of 
vitamin Be gave “complete protection for the hematocrit, red blood cell 
count, hemoglobin and thrombocytes;” however, their data showed that 
the hemoglobin level was only 7.0 gm. per 100 ml. of blood as compared to 
a level of 8.7 gm. for the control ration. More recently the same authors 
(26) state that crystalline vitamin B^ “has a positive influence on growth 
(body weight and feathering) and on the blood cell components” and do 
not claim that normal growth itself was attained. Thus, their results 
actually agree 'with ours in so far as other factors beside those with ■vitamin 
Be actmty are needed by chicks. 

Campbell el al. (26) found that crystalline vitamin Be had the same bi- 
ological effect when given parenterally as when given orally. This finding, 
the authors state, “tends to suggest that the intestinal flora is very probably 
not influenced” by vitamin Be. It is possible, as they admit, that sub- 
stances may be reexcreted into the intestine from the tissues, thus in- 
fluencing intestinal synthesis. 

From the work herein presented and from the data in former papers 
(1, 3) it is clear that normal growth, feather formation, and hemoglobin 
production may be obtained by feeding much lower levels of vitamin Be 
activity than those stated as optimal by Campbell el al. (25) . Although 
some vitamin Be activity may be required, it is clear from results shown in 
Table I that no more than approximately 8 y per 100 gm. of ration (most 
of this amount is “potential” vitamin Be activity) are needed, which in- 
cludes the 3 y present in the basal ration. It has been shovm previously 
(1, 3) that higher levels of -vitamin Be acti-vity may be fed in the form of 
relatively crude liver fractions to chicks recemng the deficient ration 
■without gi-ving any response. It is possible that vitamin Bio or Bn may 
have some activity for Slreplococcus laclis R and Lactobacillus casei which 
would be undifferentiated from -vitamin Be activity in the assay and 
which would account for the value given in Table I. 

Hill, Norris, and Heuser (27) have recently published further work on 
factors R and S with the use of new purified rations. In confirmation of 
our previous results they could find no evidence that vitamin Be acti-vity 
(“folic acid”) was required by the chick unless in small amounts. They 
also report the presence of an antianemia factor in liver which has since 
been identified -with the lactone of 2-methyl-3-hydroxy-4-hydroxymethyl- 
5-carboxypyridine (22). The relationship of this new factor R to vitamin 
Bii is not clear as yet; however, the new factor R preparations appear to 
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contain vitamin Bn and some vitamin Bio. Since factor S is not readily 
adsorbed on typical adsorbing agents, it appears that this factor is distinct 
from vitamin B;o or Bu and may be related to the growth factor present in 
kidney residue (21). 

Recently Norris has stated (28) that Scott and associates have found tha( 
factor S preparations are contaminated with the Lactohacillus casei factor 
which is required, udth the above mentioned lactone, for hemoglobin forma- 
tion in the chick. From the work we have presented in this paper it ap- 
pears that still another antianemia factor is present in liver concentrates. 

In the past year work with other animals has appeared, such as has 
been done ■with the chick, demonstrating the biological activity of un- 
kno^vn factors other than substances having direct vitamin B, activity. 
Totter, Shukers, Kolson, Mims, and Day (29), working with monkeys, 
have concluded that the distribution of “folic acid” was shown to be dif- 
ferent from that of vitamin M. More recently, Malloiy, Mims, Totter, 
and Day (30) have stated that vitamin M is the same as or closely related 
to vitamin B^ (and related factors) and substances enz^nnatically con- 
‘ vertible to vitamin Be. This would distinguish vitamin Bio and Bu from 
vitamin M (see Table I). Welch and Wright (31) have reported the pos- 
sible existence of a material similar to “folic acid” but inactive for Strep- 
tococcus lacits R with vitamin activity for the rat. Woolley and Sprince 
(32) have identified “folic acid” as one of the unknora dietary essentials 
for the guinea pig; however, they reported that solubilized liver contained 
other essential factors. This has also been found in our laboratory’.’ 


Richardson, Chiang, Hogan, and Kempster (33) have reported that only 
six out of eleven turkey poults on a synthetic ration responded to sup- 
plements of vitamin Be (indicating other factors were lacking). In 
work witli chicks Binkley et al. (17) have confirmed our pre%dous work 
that chick growth (and hemoglobin formation) did not always correlate 
with the activity of the supplement as measured -with Streptococcus laclk 
R or Lactobacilhis casei. BTiether or not any of these factors required m 
addition to vitamin Be activity are identical with vitamins Bio or Bn has 
not been indicated. It is interesting in this connection that Golfaerg, 
De Meillon, and Lavoipierre (34) have recently reported that mosqui o 
larvae require a source of unknoavn factors which contained vitamms t, 
Bio, and Bu for proper growth, pupation, and pigmentation. 

The e.vperiments in which com-meal was added to our - 

carried out because Gunha, Kirkwood, Phillips, and Bohstedt ( I 
reported that rats on a basal ration composed largely of ground j 
com received an insufficient supply of the norit eluate fraction ^ 

of vitamins Bio and Bu). Such a deficiency ordinarily can be prod 


» Cannon, M. 


D., Zepplin, M., Elvehjem, C. A., and Hart, E. B.. in press. 
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only in rats receiving a synthetic ration with a sulfa drug (36), which 
indicated to us that com-meal, in some manner, likewise decreases in- 
testinal synthesis of the unkno^vn factors. This was found to be true 
vdth the chick. Growth, mortality, and hemoglobin formation of chicks 
on the basal ration were appreciably poorer when com-meal was fed in 
place of de.\trin. 

From our previous work and from the work of Pfiffner et al. (4), Stokstad 
(6), Hutchings et al. (7), Keresztesy et al. (8), and Williams and associates 
(10, 37), it is evident that what was first believed to be one active sub- 
stance for Streptococcus lactis E, and Lactobacillus casei has turned out to 
be a group of compounds. For example, Hutchings et al. (23) speak of 
three “Lactobacillus casei factors or ‘folic acids’ ” and Williams (10) men- 
tions “the different folic acids.” Mitchell and Williams (37) state that 
vety minor changes in structure of “folic acid” may produce great changes 
in activity for various organisms. From our work on the isolation of 
vitamins Bio and Bn, both of the vitamins, although distinct entities, 
seem to be related chemically to the various factors with vitamin Be ac- 
tivity, sine© the properties are so similar and because compounds with 
vitamin Be activity have some vitamin Bio and Bn activity when fed alone 
to the chick. 


SUMJIARy 

Methods for the purification of vitamins Bio and Bn based on dialysis 
procedures, chromatogram separation, and Ba(OH) 2 -ethanol precipitations 
are described. Vitamin Bn has been concentrated 1600-fold from solu- 
bilized liver. 

In agreement with our earlier work, vitamins Bio and Bn are again 
differentiated from substances with high vitamin Be activity, although 
such substances do have grovdh, feathering, and hemoglobin activity 
when fed alone to chicks at relatively high levels. This action is believed 
to be largely indirect, as has been shown by work with sulfasuxidine or a 
com-meal basal ration and the fact that normal chicks may be obtained 
with 8 7 of vitamin Be activity, or less, per 100 gm. of ration. 

The e.xistence of another unknown factor necessary to maintain normal 
hemoglobin formation is suggested. 
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ENZYMATIC MICROANALYSIS OF PURINE COMPOUNDS 
Sirs: 

An enzymatic micromethod for the determination of adenosine and its 
derivatives has recently been described^ The method was based on the 
observation^ that adenine and hypoxanthine exhibit a marked difference 
ni light absorption at 265 mfi. By measuring changes in light absorption 
at this wave-length, adenosine may be determined with adenosine deam- 
inase, adenylic acid with muscle deaminase, and adenyl pyrophosphate 
Mth the latter enzyme plus potato adenylpyrophosphatase. 

The same principle can be applied to the determination of hypoxanthine, 
xanthine, and uric acid compounds. Hypoxanthine, xanthine, and allantoin 
have no absorption or only slight absorption at 290 m^i; uric acid, on the 
other hand, has a very marked absorption maximum at this wave-length.’ 
Thus, hypoxanthine may be determined by adding purified xanthine 
oxidase to a solution containing a few micrograms of hypoxanthine and 
following the increase in absorption at 290 m/j. After a few minutes lag 
period, due to the formation of the intermediate xanthine, the absorption 
rises steeply and proportionally with time until all hypoxanthine has been 
oxidized. Withxanthine as substrate, the samerise in absorption at 290m/z 
occurs, but without a lag period. 

1 r of hypoxanthine (or 0.9 y of xanthine) per ml. upon oxidation causes 
an increase in extinction at 290 m/i of -1-0.075. It is possible to dete rmin e 
0.1 y of hypoxanthine in 0.1 ml. with an accuracy of about 5 per cent. If 
inosine is the substrate, no change in the absorption at 290 m/x takes place 
when xanthine oxidase is added. If, however, a nucleosidase prepared 
from rat liver' is added together, with the oxidase, a rapid increase in 
absorption at 290 m^t takes place. If inosinic triphosphate is the substrate, 
phosphatase must be added in addition to xanthine oxidase and nucleosidase 
before a rise in absorption occurs. 

The method has also been used for studying the liver nucleosidase. It 
has been found that this enzyme is active only in the presence of inorganic 

* Kalckar, H. U., Science, 99, 131 (1944). 

’ Holiday, E. R., Biochem. J., 24, 619 (1930). Myrbiick, K., Euler, H., and Hell- 
strom, H., Z. physiol. Chem., 245, 65 (1932). 

’Smith, P. C., Biochem. J., 22, 1499 (1928). 

* Levene, P. A., and Weber, I., J. Biol. Chem., 60, 707 (1924). 
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phosphate.' The significance and interpretation of this finding will be 
discussed elsew'here. 

By applying the same principles as those used for the hypoxanthine test, 
it is possible to determine guanine on a micro scale by means of guanase 
(prepared from rat liver') plus xanthine oxidase at a w'ave-length of 290 m/i. 

Uric acid maj'^ be determined by the decrease in absoiption at 290 mfi 
which occurs w'hen the compound is oxidized to allantoin by the addition 
of purified uricase. 1 7 of uric acid per ml. upon oxidation causes a de- 
crease in e-xtinction at 290 m/i of —0.065. 

The combination of enzymatic and optical methods for the determination 
of purine derivatives appears to constitute a rapid, sensitive, and specific 
technique for the analj'sis of deproteinized extracts of small (biopsy) 
samples of normal and pathological tissues. The methods are also useful 
for the analysis of the purines or nucleosides in nucleic acids, and for the 
study of enzjmes involved in purine metabolism such as deaminases, 
xanthine oxidase, and the nucleosidases. 

Division of Nutrition and Physiology Hersian M. Kaickar 

Tkc Public Hcalih Research InslUute 
of the City of New York, Nic. 

New York 

Keceived for publication, February 8, 1945 
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THE DIFFUSION CONSTANT AND ELECTROPHORETIC 
MOBILITY OF PHOSPHORYLASES a AND b* 

By ARDA ALDEN GREBE 

(From the Department of Pharmacology, Washington University School of Medicine, 

St. Louis) 

(Received for publication, December 19, 1944) 

Phosphorylase a, crystallized from dilute salt solutions in the presence 
of cysteine, exhibits about 65 per cent of its maximum activity in the 
absence of added adenylic acid (1). Phosphorylase b is inactive tvithout 
added adenylic acid; it may be prepared by allotving the PR (or prosthetic 
group-removing) enzyme to act on phosphorylase a (2). 

The molecular weight of crystalline muscle phosphorylase a has been 
determined by Oncley (1) by means of ultracentrifugal and diffusion 
measurements. In the present paper the two forms of the enzyme are 
compared ndth respect to their diffusion constants and migration velocities. 

Diffusion of Phosphorylase b — The diffusion constant of phosphorylase b 
was determined in the Tiselius apparatus in the manner described by 
Lonpworth (3) for crystalline egg albumin. The Tiselius cell iiith the 
single long central chamber was filled with protein, the boundaries were 
shoved out by means of the compensator sufficiently far to be readily 
visible even after prolonged standing, and the rate of diffusion measured 
on photographs taken by the schlieren scanning method. Results were 
calculated by means of the equation D = (A’‘)/(4Tr ( H-) where A is the 
area xmder the curve, H the maximum height, t the time in seconds, and D 
the diffusion constant in sq. cm. per second (4). 

In order to check the method, the diffusion constants for crystallized 
human serum albiunin and horse 7-pseudoglobulin were determined. 
The human serum albumin used was four times crystallized from ammonium 
sulfate and was free from carbohydrate and phosphate. The horse 7- 
pseudoglobulin was precipitated many times vith ammonium sulfate and 
dialyzed repeatedly and the pH adjusted to remove all of the euglobulin; 
it was finally precipitable in 1.15 m ammonium sulfate at pH 6.6 in the 
cold, was phosphate-free, contained 1.1 per cent carbohydrate, and showed 
a single boundary on electrophoresis. 

The phosphorylase b used in these determinations was prepared by the 
action of PR enzyme on recrystallized muscle phosphorylase a. The PR 
enzyme was purified to such an extent that an amount of protein equal 
to 3 per cent of the phosphorjdase protein was sufficient to convert the 

* This work was supported by a grant from the Rockefeller Foundation. 
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phosphorylase a to phosphorylase b. After the PE action was complete, 
the enzyme solution was dialyzed at 4° against phosphate buffer at pH 
7.1 and 1 per cent KCl. The protein concentration was 4 mg. per cc. 

The results are presented in Table I. They are the average of a series 
of measurements on each of the two boundaries. In the case of phosphory- 
lase b the averages of the measurements on each of the two boundaries 
are recorded separately, because they did not agree as well as in the cases 
of the other proteins. Seven measurements were made at intervals from 
6 to 53 hours. The standard deviation is given in Table I. The values 
for serum albumin and r-pseudoglobulin, corrected to 20° on the basis 
of the \riscosity of the solvent, agree satisfactorily with Onoley’s detenni- 


Table I 

Diffmion Constants of Phosphorylase b and Other Proteins 


Protein 

Buffer 

Ionic 

strength 

pH 

Protein 

D,., X 10’ 

X 1 

10^ 1 



rp 


mg. per 
cr. 

jff. cm. per sec. 

sg. cm, 
per sec. 

Serum albumin, 

Potassium 

0.1 

7.1 

9 

3.62 

5.9 

crystalline, 

human 

phosphate 






7 -Pseudoglobulin, 

it <1 

O.I 

m 

12.6 1 

2.48 

4.0 

horse 

Phosphorylase b, 

it <t 

0.23 

m 

4 

2.0 iO.loj 

3.2 

rabbit muscle 

+ KCl 





lil 

Phosphorylase a, 

Na glycero- 

0.2 

7.0 

1 5 


■1 

crystalline, rab- j 

phosphate 


i 




bit muscle 

1 

4- KCl + 
cysteine 

! 




■ 


* Results in the last coliunn are those determined by Oncley (1, 5). 


nations (5) on the same proteins. The results on phosphorylase b also a^ee 
with Oncley’s determinations on phosphorylase a. The interference m 
to cystine which was a factor in Oncley’s measurements was elimina 
and that due to the added PR enzyme was inappreciable. Thus it appeals 
that the diffusion constant, and presumably the molecular weigh o 
phosphorylase b, is the same, within the limits of experimental error, as 

that of phosphorylase a. , ^ r«hhit 

Migration Velocity of Phosphorylase — ^The crude water extrac 
muscle has previously been reported to contain about 2 per can o 
phorylase. The electrophoretic pattern of water extract is ‘ 

I 2. The small peaks identified by an arrow have the same mobility 
aL reported below for phosphorylase o. Electrophoretic 
3 and 4) are also presented for the 41 per cent ammomum sulfate preo p 
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Fig. 1. Photographs of electrophoretic patterns (ascending boundary) of rabbit 
muscle proteins in phosphate buffers of ionic strength 0.1. I, S, original water ex- 
tract at pH 7.4 and 7.1 volts per cm., migration for 2 and 4 hours respectively. S, 4, 41 
per cent saturated ammonium sulfate precipitate at pH 7.4 and 7.1 volts per cm., 
migration for 2 and 4 hours respectively. The arrows in / to 4 identify phosphorylase 
o. B,G, 7, phosphorylase 6 containing some phosphorylase a and some impurity at 
pH6.56 and 3.5 volts per cm. at 2, 6, and 10 hours respectively. The larger and slower 
moving peak is phosphorylase 6. 8,9, 10, phosphorylase a dissolved in phosphorylase 
6 at pH 7.1 and 3.5 volts per cm. at 2, 5, and 8 hours respectively. The larger and 
faster moving peak is phosphorylase a. The slower and smaller peak is phos- 
phorylase 5. 

Enzyme activity tests have shown that one-quarter to one-third of this 
fraction is phosphorylase (1). 




THE ENZYMATIC CONVERSION OF PHOSPHOEYLASE a TO b* 
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The distinctive properties of phosphorylases a and b, as described in a 
previous paper (1) and in those of the present series, are summarized in 
Table I. Phosphorylase a is converted to phosphorylase b by an enzyme 
(referred to as PR) which is present in an aqueous extract of muscle and 
which can be separated from phosphorylase by isoelectric precipitation of 
PR at pH 5.8. Trypsin at pH 6.0 to 6.2 also converts phosphorylase a to b. 

The present paper deals with the purification and properties of the PR 
enzyme as well as ndth the action of PR and trypsin on phosphorylase a. 

EXPERIMENTAL 

Purification — The isoelectric precipitate obtained in the routine prep- 
aration of phosphorylase a is centrifuged and washed tmce with water in 
the cold room. Most of the protein dissolves when the pH is brought to 
8.5 by addition of weak KOH and the precipitate is rubbed vigorously with 
a glass rod. The solution is frozen solid, and upon thaving a large pre- 
cipitate is formed which can be discarded without much loss of activity. 
Fractionation with ammonium sulfate effects considerable purification. 
An e.xample is given in Table II. 

Most of the enzyme is precipitated at 55 to 60 per cent saturation mth 
ammonium sulfate. The dissolved and dialyzed precipitate when frozen 
yields a large precipitate on thawing which can be discarded without loss 
of activity. Some inert material still remains which is precipitated bj^ 
low concentration of ammonium sulfate and is rendered insoluble bj' freez- 
ing and thawng, as shomi in step (3) in Table II. The precipitate, ob- 
tained between 30 and 56 per cent saturation nith ammonium sulfate, 
when dissolved, dialyzed, and frozen, remains clear after thawing. In 
some cases the activity per mg. of protein has been raised to 1400 units by 
ammonium sulfate fractionation. 

A dialyzed preparation of a purity level of 1060 units per mg. of protein 
was brought successivelj’’ to pH 6.15, 5.7, and 5.2 by the addition of dilute 
HCl in the cold. The pH was measured on the glass electrode. The 
precipitate formed at each pH was centrifuged off and analyzed for pro- 
tein and enzjme activity. The results are shown in Table III. The 

* This work was supported by a grant from the Rockefeller Foundation. 
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largest amount of enzyme was precipitated between pH 5.7 and 5.2, but 
no purification was achieved because part of the enzyme was inactivated 


Table I 

Comparison of Properties of Phosphorylases a and 6 



Phosphoryhse a 

Phosphorykse h 

Molecular weight calculated from diffusion 

4 X 10* 


and ultracentrifugation 



Diffusion constant, Djo.u X 10' 

3.3 

3.3 

Electrophoretic mobility, sq. cm. per volt 

-3.25 

-2.75 

per see. X 10*, phosphate buffer pH 7.15, 
ti O.I ; temperature 2° 



Isoelectric point 

5. 5-5. 6 

6,8 

Solubility at pH 7.2, water 

Insoluble 

Soluble 

0.1 M KCl, 24° 

Poorly soluble 

it 

O.OS at KCl -h 0.02 m cysteine, 24° 

! Soluble 

<( 

0.08 M KCl -h 0.02 M cysteine, 0° 

Crystallizes 

it 

Crystal form 

Long needles 

1 Rhomboid plates 

Activity, without adenylic acid, % 

65 

None 

ir/t/t tsdcaylk acid, % 

m 

SQ 

Dissociation constant for combination with 

1.5 X 10-« 

5 X 10-* 

adenylic acid, pH 6.7, 25° 

Phosphorus content, % 



O.OS 

0,02 


Table II 


Sample Protocol of Purification of PR Enzyme 
The isoelectric precipi tate obtained at pH 5.8 from the dialysed e.’ctraot of 400 gm. 
of rabbit musoJo B’as dissolved and frozen. 


Protein 


ms. 


Eneyme 

activity 


uttilx 


i Unit! per 
■ mg. protein 


1. After thawing solution, and removing large ppt., 

38 cc. 

2. Solution (1) pptd. n-ith 55% saturated (NH<}jSO<; 

ppt. dissolved, dialyzeci against HjO, and frozen; 
centrifuged after thawing;ppt. discarded, 17.5 co. 

3. Solution (2) pptd. with 30% saturated (NHi)sSO«; 

ppt. dissolved, dialyzed, and frozen; centrifuged 
after thawing; ppt. discarded, 7.6 cc. 

4. Supernatant fluid of 30% saturated (NHilsSOt 

brought to 56% saturation; ppt. dissolved, di- 
alyzed, and frozen; clear after thawing, 7 co. 


226 

62,000 

274 

104 

58,500 

563 

21 

17,200 

820 

29 

26,500 

910 


at the acid pH. This is shovm by the fact that for a recovery of 
per cent of the protein there was regained only 06.1 per cent of t 
activity. 
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stability tests also indicated a loss of activity at acid pH in enzyme so- 
lutions of about the same purity level as those used in the experiment in 
Table III. When kept at 28.5° for 2.5 hours, the enzyme lost about 30 
per cent of its activity at pH 8.4 to 7.1 and 80 per cent at pH 5.9. At 
pH 7.1 and 5° the enzyme lost 47 per cent of its actmty in 5 days. Heating 
at pH 7.1 to 56° for 10 minutes caused a loss of 42 per cent of PR activity. 
The pH optimum for activity was between 6.8 and 7.0; considerable 
enzyme activity could be demonstrated at pH 6 and 7.4. 

Pentose Content of PR Enzyme Fractions — ^It was foimd that the iso- 
electric precipitate (pH 5.8) of a dialyzed muscle extract contained ribo- 
nucleic acid. Crude PR preparations showed 6 to 7 7 of pentose per mg. 
of protein, when the determinations were carried out by the method of 

Table III 

Efecl of Isoelectric PTecipUation 

A dialyzed PR preparation was used which contained 5 mg. of protein and 5300 
units per co., corresponding to 1060 units per mg. of protein. For the description 
see the text. 


pH at whkh precipitate 
was collectea 

Protein recovered 

Enzyrae units 
recovered 

Units per mg, 
protein 


per cent 

per cent 


6.15 

14.7 

13.7 

980 

5.7 

20.8 

15.7 

800 

5.2 

19.7 

21.3 

1140 

Supernatant fluid 
of pH 5.2 ppt. 

35.5 

15.4 

470 


90.7 

66.1 



Mejbaum (2) with muscle adenylic acid as standard.' After purification 
the pentose content was reduced to 2 to 3 7 per mg. of protein. In a 
fractionation the precipitates formed with 26 to 38, 38 to 50, and 50 to 62 
per cent saturated ammonium sulfate contained 1.8, 2.9, and 5.8 7 of 
pentose per mg. of protein, respectively. The most active enzjune was in 
the middle fraction. After incubation with the crystalline ribonuclease 
of Kunitz (3), 80 to 100 per cent Of the pentose appeared in the trichloro- 
acetic acid filtrate of the proteins, while before incubation ivith ribonuclease 
all of the pentose remained in the trichloroacetic acid precipitate. The 
PR activity was not affected by incubation with ribonuclease, which split 
most of the nucleic acid. 

Kinetics of PR — Since the original observations were made it has been 

' On the basis of phosphorus content, yeast nucleic acid gives only 40 per cent of 
the pentose color of muscle adenylic acid. 
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found that the enzyme has very low activity in the absence of cysteine 
and that its activity in the presence of cysteine is accelerated 2 to 3 times 
by manganese ions. It was also found that 0.03 m glycerophosphate, the 
buffer which was used in previous experiments, markedly inhibits PR 
activity and changes the kinetics of the enzyme. 

Under specified tonditions the conversion of phosphorylase a to 6 by 
the PR enzyme follows the first order reaction rate equation; this permits 
the PR enzyme umts to be expressed in terms of the velocity constant. 




Fig. 1 . FfTect of PR enzyme during incubation with phosphorylase a. 1 cc. of re- 
action mixture contained SO -r of phosphorylase a and 16 y of PR protein in 0.03 m 
cysteine at pH 6.8. Incubated at 26°. Curve A, time of incubation plotted against 
phosphorylase a units. Curve B, time of incubation plotted against logw of phos- 
phorylase a units. For a description see the text. 

Fig. 2. The logio of the concentration of phosphorylase a was plotted against time 
during incubation with PR enzyme at pH 6.8 and 26°. Curve A, 4 times as much 
PR and the same initial phosphorylase a concentration as for Curve B. Curve C, 
the same amount of PR and 4 times as much phosphorylase a as for Curve B. A'X 10’ 
calculated from the slope. In the experiment of Curve C ISO y of phosphorylase a 
and 13.6 y of PR protein were present per cc. of reaction mixture. 

An example is given in Fig. 1. Aliquots of the reaction mixture were 
removed at stated intenmls and tested for their phosphorylase a activity 
(in the absence of adenylic acid). In the phosphorylase a test (4) the 
glucose-1 -phosphate concentration is 0.016 m, the glycogen concentration 
1 per cent, and the incubation period 5 minutes. Since no adenylic aci 
is added, phosphoiylase b (which is formed by the action of the PR enzyme) 
does not act. Divalent ions (among others glucose-l-phosphate) inhibit t e 
PR enzyme and their concentration is sufficiently high in the phosphory w 
a test to prevent further action of PR on phosphorylase a. When_ e 
logio of the phosphorylase a concentration is plotted against time, a s raig 
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line is obtained. K X 10’ for the experiment in Fig. 1 is equivalent to 
19.4 PR units per cc. or to 1210 units per mg. of protein.’ 

In Fig. 2, Curves B and C, is shown an experiment in which the initial 
phosphorylaae a concentration was varied 4-fold. The per cent of phos- 
phorylase a converted to h was within these limits independent of the 
initial phosphorylase a concentration, as shown by the values of K. In 
Curve C, the PR protein fraction added (undoubtedly quite impure) was 
only 6.7 per cent of the total protein in the reaction mixture; nevertheless,' 
76 per cent of phosphorylase a was converted to 5 in 30 minutes at 26°. 
It follows that a relatively small contamination with PR can lead to serious 
losses in the preparation of phosphorylase a crystals. 

In Curve A, Fig. 2, it is shown that the reaction remains first order even 
when the phosphorylase a concentration has fallen to 5 per cent of its 
original value and that the value of jRl is proportional to the dilution of the 
PR enzyme. 

In previous experiments (1) the PR activity appeared relatively weak 
because it was measured in a 0.03 M glycerophosphate buffer. The ex- 
periment in Fig. 3 shows that the addition of 0.03 m phosphate esters to 
the reaction mixture inhibits the PR activity. After 10 minutes of in- 
cubation with PR alone about 80 per cent of phosphorylase a had disap- 
peared, in the presence of phosphate esters only 10 to 20 per cent. The 
order of inhibition was mannose-l-phosphate > glycerophosphate > 
glucose-l-phosphate.’ The inhibition is not specific for phosphates since 
ammonium sulfate (0.03 m) has also been foimd to inhibit the PR activity.* 

* Protein was determined by the method of Robinson and Hogden (5). 

•When glucoae-1 -phosphate was the inhibiting agent, only glycogen was added in 
the phosphorylase test to start the reaction. It was found that the order of addition 
of the components of the phosphorylase system makes an appreciable difference 
IB. the initial reaction rate. When phosphorylase or glucose-1 -phosphate was added 
as the last component to the reaction mixture, the initial rate of the reaction, meas- 
ured at 1, 3, and 5 minutes, was the same and followed the first order reaction rate. 
When glycogen was added as the last component, the rate of the reaction was initially < 
much slower than in the other two cases and increased with time, giving a slightly 
S-shaped rate curve. 

* These results have some bearing on the preparation of phosphorylase o crystals. 
M described previously, the PR enzyme is separated from phosphorylase by pre- 
cipitation at pH 5.8. Any PR which is not removed in this manner is concentrated 
along with phosphorylase by precipitation with ammonium sulfate. When the 
ammonium sulfate precipitate is dissolved and dialyzed, the PR will begin to act 
only when the salt concentration has dropped considerably. At that point crystalli- 
zation of phosphorylase a removes it from the action of PR. It should be emphasized 
in this connection that, although cysteine markedly accelerates the activity of PR, 

It IS necessaryfor the preparation of phosphorylase a in crystalline form. Once the 
enzsTue has been crystallized, it can be recrystallized once or tndee without adding 
cysteine. 
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That one is dealing vith a salt effect is shomi by the fact that glucose, in 
contrast to glucose-1 -phosphate, does not inhibit the PR acthity. Gly- 
cogen is also nithout effect. 

Fig. 3 also shows that when PR is anting in the presence of inhibitory 
salts the reaction is no longer first order, but is linear nith time. 

Effect of Cysteine, Manganese, and Other Ions~ln order to test the effect 
of cysteine on PR activity, phosphorylase a crystals (which are kept in 
the cold suspended in a C3'steine-gl3Terophosphate buffer) were washed 
repeatedly with 0.03 xi KCl in the cold room. The enz3Tne was dissolved 
in bicarbonate solution at 35° and an insoluble residue consisting mostly 
of cy'Stine was discarded. Manganese ions and PR enzyme vrere added, 
and an aliquot of this mi.vture was made 0.015 xt with respect to cysteine. 
The pH in both samples was 7.1. The sample incubated without cysteine 
showed only' a trace of PR activity during 50 minutes of incubation at 26°. 



Fig. 3. Effect of incubation of phospborylase a with PR (45.5 y per cc.) in the 
presence and absence of 0.03 m phosphate esters, pH 6.7 and 27°. 

In the sample incubated with cy’steine the PR activity was rapid and led 
to an almost complete disappearance of phosphoryiase a during 20 
of incubation. The activity' of the PR enzyme was accelerated 15 to 
. times by' the presence of cysteine. 

The optimal concentration of Mn++ ions was from 2.5 to 5 X ^ 
and caused a 2- to 3-fold increase in PR activity. Mg++ ions, in lese 
concentrations, were inhibitory, while Co-^ ions 'f,, .°g 

example, for a particular PR preparation with no ions added ^ ^ ^ 20 
31, while with 5 X 10-< xi of the following ions it was • 

Co+^ 30. In the presence of 0.03 xi glycerophosphate Mn ions 

have an accelerating effect on PR activity. ^ „t « ™te which 

Effect of Trypsin— Trypsm converts phosphorylase o to 6 a 
mis Lfrapidly th.„ pM by . 
activity is not directly proportional to the concgitobom 

experiments were performed at pH 6.2, because at that pH P 
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activity of trypsin is reduced to a minimum. A few experiments were 
carried out at lower (6.0) and higher (6.5) pH without any marked change 
in the kinetics of the reaction. Mn++ ions did not accelerate the trypsin 
action on phosphorylase o. 

On comparing the relative activities of crystalline trypsin and of PR 
(per mg. of protein), one finds that the best preparations of the latter (in 
the presence of Mn++ ions) are about one-half as active as trypsin, if the 
initial rate of the reaction is taken as a measure. If the time for eomplete 
conversion of phosphorylase a to b is taken as a basis of comparison, PR 
is about as active as trypsin. 

As in the case of the experiments with the PR enzyme, the action of 
trypsin on phosphorylase a did not continue during the phosphorylase 
test. An example is given in Table IV. In Experiment 1 a concentration 
of 4 7 of trypsin per cc. caused a rapid disappearance of phosphorylase a, 
about 75 per cent during 20 minutes of incubation. The time curve for 
the action of trj^sin would not be valid if trypsin continued to act during 
the phosphorylase test, which lasts 5 minutes. That this error did not 
arise is shown in Table IV, Ex-periment 2. A time curve for phosphorylase 
activity in the presence of the same concentration of trypsin did not show 
an appreciable falling off in rate in 50 minutes. The inhibitory effect of 
glucose-l-phosphate on the action of trypsin on phosphorylase c is probably 
responsible for the lack of action of trypsin imder these conditions. An 
example is given in Fig. 4; it may be seen that glucose-l-phosphate is much 
more inhibitory than either mannose-l-phosphate or glycerophosphate. 

Enzymatic Tests for Adenylic Acid — ^In a previous paper (1) an attempt 
was reported to demonstrate free adenylic acid in a digestion mixture of 
phosphorylase a and trypsin. Although the results M'ere negative, it was 
decided to repeat the experiments with a somewhat modified technique. 
PR enzyme preparations could not be used for this purpose because they 
contained adenylic deaminase. 

A digestion mixture of phosphorylase a and trypsin was ultrafiltered 
with air pressure through a cellophane membrane (a) without and (6) 
vdth the addition of a known amount of adenylic acid. The ultrafiltrates 
were tested for the presence of free adenylic acid by adding them to the 
phosphorylase a test system which had been standardized with known 
amounts of adenylic acid. The test sytem showed 34.2 per cent splitting of 
1-ester in 5 minutes without, 46.6 per cent with 3 X 10“® si, and 55 per 
cent with 10~= si adenylic acid. Ultrafiltrate (a), wiien added to the 
test system, gave a splitting of 34.2 per cent, ultrafiltrate (b) of 52 per 
cent. By calculation the former should have given a final concentration 
of adenylic acid of 6 X 10“® si (assuming 1 adenylic acid molecule per 
molecule of enzyme) and the latter (assuming that no adenylic acid was 
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set free by trypsin) of 3 X 10-« m. The experiment shows that the added 
adenylic acid was recovered in the ultrafiltrate. There was no evidence 
for the liberation of adenylic acid when phoqihorylase a was incubated 
with trypsin. 


Table IV 

ESttl of Trypsin on Phosphorylase a 

In Experiment 1 phosphorylase a was incubated with 4 y of crj'stalline trypsin 
per cc. in 0.03 ir cysteine, pH 6.2 at 27°. Samples were withdrawn at stated intervals 
in order to determine the phosphorylase a concentration. In Experiment 2 phos- 
phorylase a was acting on glucose-l-phosphate at pH 6.2 and 27° without and with 
the addition of 4 y of trypsin per cc. 


Experiment 1 

Experiment 2 

Phosphorylase incubated i 
wiUi trypsin 

Phosphorylase alone 

Phosphorylase *f tr>*psin 

Time of 
incubation j 

Phosphory- 
lase a con- . 
centration ! 

Time j 

l-Ester 
converted i 

KXiBi 

Time 

l*Ester 
converted i 

JT-f lOJ 

min. 

per cent 

min. 

per cenl 

i 

min. 

per cent 


0,5 

94 

5 

8.5 

9.3 

5 

8.3 

9.0 

i 10 

38 

10 

16.1 

9.2 

10 

15.4 

8.8 

20 

i 25 

20 

29.5 

9.4 

20 

28.0 

8.8 

30 

IS 

32 

41.6 

9.3 

32 

40.2 

8,8 



50 

55.0 

9.2 

50 

51.7 

8.3 



MINUTES OF INCUBATION WITH TRTPSIN 


Fig. 4. Effect of incubation of phosphorylase a with crystalline trypsin ( — r 
per cc.) in the presence and absence of 0.03 m phosphate esters, pH 6.2 and 28 . ® 

A, trypsin alone; Curve B, glycerophosphate; Curve C, mannose-l-phospbate, urie 
D, glucose-l-phosphate. 


Liberation of Organic Phosphate from Phosphorylase a ^Previous anal 
yses (1) showed that phosphorylase a contained an average of 0.7 7 a” 
phosphorylase b an average of 0.2 y of organic P per m^ of 
this difference w'ere significant, one tvouJd e.xpect that PR ivould 
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phosphate while acting on phosphorylase a. This has been found to be 
the case. 

The molybdate-stannous chloride method described by Fontaine (6) 
was used; it permits the determination of 0.5 to 1 y of P and has the ad- 
vantage that the sulfuric acid concentration is high (final concentration 
2 n), which is favorable in the ashing of protein. Colorimetric readings 
were made at wave-length 820 m/i in the Beckman spectrophotometer or at 
660 in the Klett-Summerson photoelectric colorimeter; the agreement of 
the P calculated from these two readings w’as satisfactory. 

Five to six times recrystallized phosphorylase a was used for these ex- 
periments. In some cases the usual glycerophosphate-cysteine buffer 
was replaced by a succinate-cysteine buffer for recrystallizations; in other 
cases the whole preparation was carried through with the latter buffer; 
finally the crystals were washed in the centrifuge in the cold wth repeated 
changes of 0.03 m KCl. If glycerophosphate was used for the last crystalli- 
zation, the washings were continued until calculations showed that the 
glycerophosphate would have been diluted beyond the limit of detection. 
There was no essential difference in the total P content of these different 
preparations (see Table V). When phosphorylase a was incubated with 
the intestinal phosphatase preparation of Schmidt and Thannhauser (7), 
about 5 per cent of the total organic P appeared as inorganic P; a conver- 
sion of phosphorylase a to b did not occur. 

Various methods of deproteinization were tried, but they all yielded 
organic P in the protein-free filtrate. When precipitation wth trichloro- 
acetic acid (final concentration 2.5 per cent) was carried out in an ice bath 
and the protein centrifuged off in the cold room, one-half as much P was 
found as when the operations were carried out at room temperature (Table 

V). 

Precipitation mth trichloroacetic acid in the cold was used in the ex- 
periments ivith the PR enzyme and with trypsin, except in one case in 
which the P split off was removed by dialysis and was determined in the 
dialysate. Table VI shows that most of the phosphate appears in the 
protein-free filtrate when phosphorylase a is converted to form b by the 
PR enzyme or by trypsin and that there exists a parallelism between the 
per cent conversion of phosphorylase o to 6 and the liberation of phosphate. 
The organic P compound is dialyzable and is difficult to hydrolyze in acid 
(zero hydrolysis in 10 minutes in n H2SO4 at 100° and about 75 per cent in 
4 hours). Further identification was precluded by the small amount of 
material available. No characteristic absorption spectrum in the ultra- 
I’iolet Was detected for the material split off by PR. 

PR preparations do not show any proteolytic activity in Anson’s test 
(8) with hemoglobin as substrate. No measurable amount of non-protein 
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nitrogen is liberated from dialyzed rabbit serum, muscle protein fractions, 
or phosphorylase a during incubation ivith PE. The determinations were 
made on trichloroacetic acid filtrates after ashing, distillation of ammonia, 

Table V 

Phosphorus Content of Phosphorylase a and of Filtrates Obtained after Pre- 
cipitation of Protein 

P was determined after ashing of protein or filtrate and is expressed in micro- 
grams per mg. of protein. For the description see the text. 


Phosphorylase a 
preparation No. 

Tots! P 

P in filtrate (CCl.COOH) 

P in other filtrates 

0* 

25“ 

83 

0.73 

0.29 

0.59 


84 

0.87 

0.25 

0.45 


85 

0.93 

0.22 

0.57 


86 

0.72 

0.25 

0.54 

0.31 (HgCl.) 

87 

0.75 



0.33 

96 

0.85 

0.26 

0.52 

0.29 (Heat) 


0.80 

0.25 

0.53 



Table VI 


Total P in Filtrates and in Protein Precipitate after Incubation of Phosphorylase a 
with PR Enzyme or with Trypsin 

Filtrates were prepared by precipitation of protein with CCliCOOH in the cold. 


Phospborpflase a 
preparation No, 

Time of incubation : 
with PR or trypsin 
(Tr) j 

Phosphorylase o 
converted to b 

P in CChCOOH 
filtrate 

P in CChCOOH 

precipitate 


min. 

per cent 

7 per mg. protein 

7 per mg. prelein 

84 

45 

(PR) 

70 

0.57 

0.31 

85 

30 

(Tr) 

90 

0.61 

0.25 


60 

fi 

100 

0.6S 

86 

60 

(PR) 

90 

0.45* 

0.30* 

87 

60 

II 

85 

0.56 

0.20 


120 

<1 

100 

0.69 

96 

20 

11 

75 

0.51 



45 

120 

<< 

ti 

95 

100 

0.65 

0.67 

0.21 

Average (for 100 % conversion) 

0.6S 

0.22 

And in the 


*No protein precipitant was used. P was determined in the dialjsate and 
fluid remaining in the dialyzing bag, respectively. 


and nesslerization. Peptidase activity could not be deteo e 
was incubated ivith leucylglycine or triglycine in the presenc 
•ons and with and without the addition of cysteine. 
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DISCUSSION 

The nature of the prostlietic group which is split olT by PR o- " •. 
from phosphorylase a has not been elucidated. All attempt^ u. C'-vr 
strate free adenylic acid (or pentose) among the split-products gaw; x/ r.\ ' • . 
results. An average value of 0.3 y of pentose per mg. of protein h^> v'-* 
reported ( 1 ) for four times recrystallized material; this value has 
reduced further by additional reery^stallizations. AVliile 0.7 7 of P pr-r rr." 
of phosphorylase a is split off by PR or tiypsin, 0.3 y of pentose would C- 
equivalent to only O.OG y of P. The question wliether or not phosphorylm f 
a contains adenylic acid must therefore be left open, in spite of the fact that 
the activity of phosphorylase b can be restored by addition of adenylic 
acid. 

That the principle involved in the action of the PR enzyme, namely 
the splitting off of a prosthetic group from another enzyme, may be of 
physiological importance is shown in the paper which follows. It 
probable that other PR enzymaes exist. Ratner, Nocito, and Give; r 
found recently that the flavoproteins, glycine oxidase and d-aniii- 
oxidase, may be prepared from kidney in two forms, one of whicii i 
without addition of flavin adenine dinucleotide, while the otbe.- 
the addition of the nucleotide for its activity. The two fonn; -Sf. .... 
parable to phosphorylases o and b, but as yet no enzyme has 1 .cc.t 
from tissues which effects the transformation of one oxicU;.s< R,/ • _ 
other in viiro. 


SUMMARY 

1. The PR enzyme which catalyzes the reaction, phosph'r\,,_„ , 

phosphorylase b, has been purified by fractionation with ammonii. . _ 

2. The PR enzyme has very low activity in the absence of r-. , _ ^ 
itsactivityin the presence of cysteine is accelerated 2 to 3 tim« 

M Mn++ ions. ions in this concentration are slightV . _ 

while Co++ions have no effect. Various phosphate esters , T 
Phate, glucose-1-, and mannqse-l-phosphate) as well as others 
such as sulfate in 0.03 m concentration inhibit the PR enr;.,_ 

3. The conversion of phosphorylase a to phosphoiykst ^ 
enzyme follows the first order reaction rate equation over i 

jnnge of phosphorylase a concentrations. This permits cn- ' 

ue expressed in terms of the first order velocity constant. 

The conversion of phosphorylase ® y cry'sta!, . ^ 

pH 6.2 is not a first order reaction and is not accelerated- , - 

l^^osphate esters (0.03 m) inhibit the trypsm effect. 

,5. The PR enzyme and trypsin split off from phospho-. _ 

thetic group which contains organic phosphate. 1 he amo--- 
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spKt off is parallel to the extent of conversion of phosphorj'^lase a to 6 by 
these agents, and when complete amounts to 0.7 y per mg. of protein. The 
phosphate compound is dialyzable and difficult to hydrolyze in acid. 

The authors are indebted to Dr. Schmidt for a preparation of intestinal 
phosphatase, to Dr. Kunitz for crystalline ribonuclease, and to Dr. Fruton 
for leucylglycine and triglycine. 
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THE EFFECT OF STIMULATION AND RECOVERY ON THE 
PHOSPHORYLASE a CONTENT OF MUSCLE* 

By GERTY T. CORI 

{From the Department of Pharmacology, Washington University School of Medicine, 

St. Louis) 

(Received for publication, December 19, 1944) 

It has been mentioned before (1) that an extract of resting muscle con- 
tains mainly phosphorylase a, while stimulated muscle yields mainly 
phosphorylase h. Data bearing on this observation are presented in 
detail in this paper. 


EXPERIMENTAL 

The determination of phosphorylases o and h in mixtures is based on 
two parallel activity determinations, one ivithout and one with the addition 
of adenylic acid In the former case phosphorylase o shows, on 

an average, 65 per cent of its full activity, while phosphorylase b is in- 
active; in the latter case phosphorylases a and h show full activity (1). 
Activity measmements were carried out as described previously, and 
enzyme units per gm. of muscle were calculated from the first order velocity 
constant (2). 

Results for twelve consecutive preparations of phosphorylase from 
muscles of resting animals are recorded in Table I. Rabbits were anes- 
thetized by intravenous injection of pentobarbital and the muscles of 
legs and back removed with as little stimulation as possible. The ex- 
traction of muscle %vith 2 volumes of water and the separation of phos- 
phorylase were carried out as outlined in a previous paper (3). 

^ soon as the crude extract was obtained, about 1| hours after the ex- 
cision of the muscles, an aliquot was diluted twenty-five to fifty times mth 
0.()3 ii cysteine, pH 6.8, for activity measurements. Under these conditions 
neither phosphoglucomutase, the enzyme whieh catalyzes the reaction 
glucose-l-phosphate ^ glucose-6-phosphate, nor inorganic phosphate which 
IS present in the extract interferes seriously. A small blank reading for 
morgamc phosphate was deducted from the inorganic phosphate formed 
during the reaction. Column 3, Table I, indicates that with one excep- 
tion (Experiment 75) 80 to 100 per cent of the phosphorylase extracted 

from resting muscle was present in the a form, with an average of 92 per 
cent. 

There were traces of adenylic acid present in the crude extract. This 

This work was supported by a grant from the Rockefeller Foundation, 
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is shoiivn by the fact that for the eight cases in Column 3, Table I, in 
which 100 per cent phosphorylase a was calculated to be present, the 
average ratio (activity wthout adenylic acid)/(acth'ity vith adenylic 
acid) X 100 was 80 instead of 65. A concentration of 1.5 x 10-« m adenylic 
acid gives an activity ratio of about 78 for phosphoiylase a (2). Such 


Table I 

Phosphorylases a and b in Extracts of Resting Rabbit Muscle 


Activity measurements wore made at 30“ in the presence and absence of adenylic 
acid with extracts diluted 25 to 50 times with 0.03 M cysteine, pH 6.8. For the 
description see the text. 


Experiment 

No. 

(1) 

Crude extract 

DJaJyxcd extract* 

Biab’zed ammonium suUxtet 

ppt. 

Phosphoryl ■ 
fl + ipcf p 
musclet 
(2) 

1 

(3) 

*"V) ’ 

1 

(5) . 

u, ............ 

(6) 

1 . . . 

ID 


units 

ptr cent 

units 

per cent 

units 

per cent 

69 

1290 

100 

1420 

100 


79 


1710 

83 

1330 

74 

\ j 


71 

1500 

100 

1450 

100 

■SB 

83 

72 

090 

91 

620 

100 

■n 

87 

73 

1020 

100 

990 

100 

930 

88 

74 

2110 

100 

1620 

100 

1540 

98 

75 

830 

45 

870 

1 68 

860 

54 

76 

1020 

80 

840 

81 

840 

52 

77 

1010 

100 

1150 

100 

1010 

j 95 

78 

1290 

100 

1260 

100 

1210 

73 

79 

1860 

100 

1770 

100 

1960 

95 


1740 

100 

1810 

100 

1800 

100 


1340 

92 

1260 

93 

1195 

^9 


* The precipitate which forms on adjusting the dialyzed extract to pH 5.8 nas 

.emoved. .• i . a 

t The precipitate formed at 41 per cent saturation with (NHi)sSOj was dialjze 
against cysteine-glycerophosphate buffer and an aliquot of phosphorylase o crjs a s 
suspended in the mother liquor was taken for activity measurement. 

i Calculated from activity measurements in the presence of adenylic acid. 

§ Calculated from the ratio (activity without adenylic acid)/ (activity wit ® ^ 
nylio acid) X 100. A ratio of 65 represents 100 per cent phosphorylase o. 


low concentrations of adenylic acid are without effect on the activity of 

phosphorylase b. , r 

After dialysis for 3 to 4 hours at low temperature (5 ) and rem 

the precipitate obtained at pH 5.8 there was no 

phosphoryiase (Column 4, Table I) or of the percentage of phosphoryKe 
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a (Colimm 5). The activity ratio dropped to 71, indicating removal of 
adenylic acid during dialysis. 

Precipitation of phosphorylase with 41 per cent saturated anunonivun 
sulfate is complete, since an average of 95 per cent of the activity present 
in the dialyzed extract is recovered in the dialyzed ammonium sulfate 
precipitate. The Tiselius pictures in Fig. 1 {1 to 4) in the accompanying 
paper by Green show how great a purification of phosphorylase is accom- 
plished by this one step. 

PR enzyme that has escaped precipitation at pH 5.8 is included in the 
ammonium sulfate precipitate and is concentrated along with phos- 
phorylase. Diuing the dialysis of the ammonium sulfate precipitate 
some PR action takes place before phosphorylase a crystallizes out. PR 
is mthout effect on the crystals of phosphorylase a. It is to be noted that 
the activity measurements were made by stirring up the crystals in the 
mother liquor and taking an aliquot for analysis. Column 7 of Table I 
shows that the average of phosphorylase a has fallen from 93 to 82 per 
cent osving to the action of the PR enzyme. 

The preparation of phosphorylase is unique among tissue enzyme prep- 
arations, since imder optimal conditions 60 to 70 per cent of the enzyme 
present in the crude extract of resting muscle can be recovered as phos- 
phorylase a crystals. 

In the majority of cases phosphorylase a crystals cannot be obtained from 
previously stimulated muscle. This is shown in Table II. In the first 
series of experiments a lethal dose of strychnine sulfate was injected 
intravenously. The animals were sacrificed after the first convulsive 
seizure, which lasted from 1 to 2 minutes. Back and leg muscles were 
analyzed separately, because it w'as noted that the former showed a more 
sustained contraction than the latter. 

The crude or dialyzed extract and the dialyzed ammonium sulfate 
precipitate of the back muscles of strychninized rabbits contained only 
from 3 to 15 per cent of phosphorylase a, the remainder being phosphorylase 
b. When such a large amount of phosphorylase b is present, it holds phos- 
phorylase o in solution, and the latter does not crystallize out.‘ Table 
II, last column, shows that unless at least 25 per cent of the total phos- 
phorylase content is in the o form no crystals are obtained. With one 
exception the leg muscles of the strychninized rabbits, like the back mus- 
cles, yielded very low values for phosphorylase a. 

In the experiments with electrical stimulation the animals were an- 
esthetized with pentobarbital and the leg nerves prepared on one side. 
A tetanizing current was applied for 2 to 3 minutes, until the muscles showed 

* This fact was made use of in the preceding paper by Green to determine the 
e ectrophoretic mobilities of mixtures of phosphorylases a and b. 
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fati^e. It ■svas difficult to stimulate all the leg muscles with equal ia- 
tensity unless a rather strong current was used, and this led to a con- 
siderable spread of stimulation to the resting leg and in some cases to the 
back muscles. The latter were used as a control and showed an average 
of 59 per cent of phosphorylase a, which is considerably less than the 

Table II 

Effect of Slrychmne Convulsions and of Electrical Stimulation on Phosphorylase a 
Content of Rabbit Muscle 

The activity measurements were carried out as indicated in Table I. For the 
description see the text. 


Experi- 

ment 

A’b. 

Procedure end type of muscle 

Crude extract 

Dial}*£ed 

extract 

Dialj’red anunoamm 
suiiate precipitate 

Phos- 

phory* 

Use 

0 + i 
per 
gm. 
muscle 

Pfsos- 
phory* 
lase a 

Phos- 
phor>'* 
Use 
tf 5 
per 
gm. 
muscle 

Phos- 
phory- 
lase 0 

Phos- 
phor)*- 
Use 
a 4* i 
per 
pn. 
muscle 

; Phos- 
phor>'- 
Use a 

PiDS- 

phory- 

Usefi 

ctysUb 



untft 

percent 

untts 

per cent 

units 

percent 


A 

Strychnine, back 

2310 

6 

2100 

11 





“ leg 

1720 

2 

1840 

9 




B 

" back 

1510 

10 

1620 

5 





“ leg 

830 

93 

860 

69 




C 

“ back 

930 

6 

980 

0 





“ leg 

1250 

11 

1100 

20 




67 

*' back 

3180 

16 



2850 

6 

— 

64 

“ back 





1620 

3 

— 


“ leg 





1130 

25 

+ 

66 

“ back 

i 




1780 

5 

— 


“ leg 





2130 

5 

— 

61 

Resting, back 





1780 

71 



Electrical stimuiaCion, leg 





S50 

20 


62 

Resting, back 





1180 

29 



Electrical stimolation, leg 





1740 

1 


63 

Resting, back 





1290 

6S 

+ 


Electrical stimulation, leg 





960 

2 


68 

Resting, back 

1370 

100 



900 

65 



■' leg 

950 

SO 



660 

SI 



Electrical stimulation. 

930 

23 



610 

17 



gastrocnemius 





— . 


— - 


corresponding average of 82 per cent recorded in Table I. The e 
trically stimulated leg muscles showed an average phosphorj’lase a con 
of 10 per cent and yielded no crystals. In one case, in order o 
time interval between stimulation and measurement of enzjTne a 
as short as possible, only one stimulated muscle (gastrocnemius; 
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excised and extracted (Experiment 68, Table II); analysis of the crude 
extract showed a low phosphorylase a content, when compared with the 
back muscles and the resting muscle of the opposite leg. 

It n-ill be noted in Tables I and II that there is a marked individual 
variation in the phosphorylase content. The extraction with 2 volumes 
of water is incomplete and yields about 75 per cent of the phosphorylase 
present, but since the extraction procedure was strictly standardized, the 
results are comparable among themselves. On an average the total phos- 
phorylase content of the stimulated muscle in Table II did not differ 
significantly from that of the resting muscle in Table I. 

Experiments similar to those on rabbits were carried out on frogs. In 
order to obtain resting muscles the spinal cord was transected in the 
lumbar region. The legs were skinned and the muscles excised, weighed, 
and extracted in the manner described for rabbit muscles. The tmdialyzed 
extracts were generally tested mthin J to 1 hour after the dissection of 
muscle. Dialysis was for 3 to 4 hours at 8°. Stimulation of both legs was 
effected hy holding an electrode connected with an inductorium against 
the skin above the lumbar spine. An interrupter served to deliver 60 
stimuli per minute. Fatigue became noticeable after 30 to 60 tmtches, 
depending on the general state of the frogs. At the end of 90 tvitohes 
the cord in one group of frogs was transected immediately and the muscles 
excised, while another group was first allowed to recover for 5 to 60 minutes 
in a moist environment. 

Several batches of frogs were received between May and July, 1943. 
IVhen freshly shipped they were in good condition and the phosphorylase 


content per gm. of muscle was about the same as in rabbits. After having 
been without food for 2 or more weeks, they became thin and the phos- 
phorylase content of the muscles was much lower. Two frogs were chosen 
each day, one serving for resting muscle and the other for stimulated 
muscle Mth or Mthout recovery. 

Table HI shows that extracts of resting frog muscle contained a high 
percentage of phosphorylase a and that electrical stimulation resulted in 
a marked decrease in phosphorylase a without significant change in the 
total phosphorylase content. The effect of electrical stimulation was 
quickly reversible. When the stimulated muscles were allowed to recover 
m the intact animal for a period of 10 to 15 minutes, the phosphorylase a 


content returned to the resting level. A period of 5 minutes rest was 
insufficient for complete recovery. 

It will be noted that in the four experiments in which the muscles were 
allowed to recover for 5 minutes the average phosphorylase o content in 
the undialyzed extract was 43 per cent, while the same extracts after 4 
lours of dialysis at 8° showed an average of 64 per cent. In the other 
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experiments in Table III the difference was less marked, although the aver- 
age percentage of phosphoiyfase a in the dialyzed extracts r^-as in all cases 
slightly higher than in the undialyzed extracts. Aa occasional extract of 
rabbit muscle shows the same behavdor (cf. Experiment 75, Table I). The 
reason for the apparent increase in phosphorjdase a has not been ascertained. 

The possibility had to be considered that from stimulated muscle more 
PR is e.xtracted than from resting muscle. If this were the case, the 
conversion of phosphoiylase a to 6 might take place in the extract in the 
time interx'al between its preparation and testing, rather than in the 
lining muscle. The PR content of a resting and a stimulated muscle of 
a rabbit, the former containing mostly phosphorylase a and the latter 
only phosphorjdase b, was determined in the following manner. To each 


Table III 

Phosphorylase a and b Content of Muscles of Summer Frogs at Best, after Electrical 
Stimulation, and after Stimulation and Recovery 


Stimulation consisted of 90 twitches of both hind legs in the intact animal ia a 
period of 1} minutes. Eozyrae activitj’ measurements were carried out as indi- 
cated in Table I. For the description see the text. ________ 


No. of 
Jrosj 

Procedure 

0odi&}yzed extract 

Dijtyied ejtract 

Phojpboo'* 
last 0 4* ^ 
per sm. 
muscle 

Phosphoo*' 
laxe 0 

Phosphoo*' 
Use ^ 

pergto. 
muide 

Phosphory- 

Usee 



umlx 

per cent 

units 

jfetasi 

14 

Besting 

1290 

86 



7 

Stimulated 

1310 

37 



4 

“ 5 min. recovery 

1330 

43 

1440 

64 

2 

“ 10 and 15 rain, recovery 

1290 

82 


91 

13 

Resting 



1350 


17 

Stimulated 



1240 


5 

" 20 to 60 mia. recovery 



MH 

y-j 


of the e.xtracts was added crystalline phosphorylase o and the mx 
were incubated at 27° for 2§ hours. About one-half of the ^ ^ 
phorylase a was converted to phosphorylase b during this period. po 
calculated as described in the preceding paper was equivalent • 
units per cc. of e-xtract of the stimulated and to 4.8 tmits per cc. o e. 
of the resting muscle. The PR activity in the e.xtract ® 

the stimulated muscle thus did not differ appreciably. The o 
phorylase a content which is found in stimulated muscle ca 
explained by PR activity nP'-r extraction. 
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enzyme (PR) can be extracted from muscle which effects this conversion 
in vitro and which may be regarded as responsible for the conversion 
in vivo. Phosphorylase a is active in the absence of adenylic acid, while 
phosphorylase b requires a concentration of 5 X 10~® M adenylic acid for 
half maximal activity. Data published by Lohmann and Schuster (4) 
make it doubtful whether rabbit or frog muscle contains such a concen- 
tration of free adenylic acid. 

As a consequence of the conversion of phosphorylase a to 5 the rate 
of glycogen breakdo^vn during activity would be slowed down, and this 
may represent a regulatory mechanism which would prevent the exhaustion 
of glycogen stores in fatigue. Experiments on frogs indicate that the 
phosphorylase a content of muscle is quickly restored during a short 
period of rest. This supports the idea that a regulatory mechanism is 
mvolved. 


SUMMARY 

1. Resting muscle of rabbits contains mainly phosphorylase a, as shown 
by an analysis of crude muscle extract as well as by the preparation of 
phosphorylase a crystals in high yield. 

2. During strong muscular contractions produced by strychnine or by 
electrical stimulation most of the phosphorylase a is converted to phos- 
phorylase 6 by the action of the PR enzyme in vivo. Crystalline phosphory- 
lase a cannot be prepared from extracts of muscles stimulated to fatigue. 

3. Experiments on frogs indicate that, when the phosphorylase a content 
of the hind legs has been reduced by electrical stimulation, it is completely 
restored during a short period of rest, 

4. The temporary inactivation of phosphorylase a by enzymatic re- 
moval of its prosthetic group may represent a regulatory mechanism 
which would prevent the exhaustion of glycogen stores in fatigue. 

BIBLIOGRAPHY 

1. Con, G. T., and Green, A. A., J. Biol. Chem., 161, 31 (1943). 

2. Cori,C.F.,Cori,G.T.,and Green, A. A., Biol. CAem., 161, 39 (1943). 

3. Green, A. A., and Cori, G. T., J. Biol. Chem., 161, 21 (1943). 

4. Lohmann, K., and Schuster, P.,BtocAem.Z., 272, 24 (1934). 




THE ACTIVITY AND CRYSTALLIZATION OF 
PHOSPHORYLASE b* 

Bt carl F. GORI and gerty t. cori 

{From the Department of Pharmacology, Washington University School of Medicine, 

St. Louis) 

(Received for publication, December 19, 1944) 

It has been found (1) that when phosphorylase a is converted to phos- 
phorylase b by the PR (or prosthetic group-removing) enzyme in a 0.03 m 
glycerophosphate-cysteine buffer, the phosphorylase activity in the presence 
of adenyhc acid falls only slightly at the time when the activity without 
adenylic acid approaches zero. This was taken to indicate that phos- 
phorylases a and b have the same activity per mg. of protein. Although 
the experiments have been repeated with the same results, other findings 
cast doubt on this conclusion. 

In Fig. 1 is presented a time curve for the action of PR on phosphorylase 
o and for a control sample of phosphorylase a incubated without PR, both 
in glycerophosphate-cysteine buffer. The control sample when tested 
with or without adenylic acid shows a slight rise in activity with time, 
following which the activity remains constant. This rise has been de- 
scribed previously (2) and is probably due to a time factor in the reduction 
of the enzyme by cysteine in the presence of glycerophosphate. The 
activity in the sample incubated with PR reaches the same height as the 
control sample when tested ivith adenylic acid. Thereafter the activity 
declines at a rate that would make it about 90 per cent of its original value 
at the time when the activity without adenylic acid approaches zero; 
that is, when all of the phosphorylase a has been converted to phosphorylase 
b. Similar results have been obtained with trypsin, when it is acting on 
phosphorylase a in a glycerophosphate-cysteine buffer of pH 6.2. 

Glycerophosphate seems to exert a stabilizing influence, because without 
it there occurs a greater decrease in the phosphorylase activity with 
adenylic acid than was found in the experiments in Fig. 1. This is shown 
in Fig. 2, which represents an average curve for several experiments. It 
may be seen that, when conversion is complete, phosphorylase b has only 
77 per cent of the activity of phosphorylase a. 

Once all the phosphorylase a has been converted to phosphorylase b, 
no further change in phosphorylase 6 activity occurs, even when the in- 
cubation is continued with very high concentrations of PR, a fact which 
has been established in several experiments. Similarly, when phos- 

This work was supported by a grant from the Rockefeller Foundation. 
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SUMMARY 

1. Activity measuremeats in reaction mixtures of phosphorylase a and 
PR enzyme in a glycerophosphate-cysteine buffer indicate that upon 
complete conversion to phosphorylase b the latter has about 90 per cent 
of the catalytic activity of phosphorylase a; when the conversion takes 
place in cysteine ^Yithout glycerophosphate, phosphorylase b shows, on an 
average, 77 per cent of the activity of phosphorylase a. Incubation with 
PR has no effect on the catalytic activity of phosphorylase b. The pos- 
sibility that some enzyme destruction takes place during conr'ersion of one 
form into the other has not been excluded. 

2. Isolation of phosphorylase 6 from either of the above reaction mixtures 
by fractionation with ammonium sulfate or by crystallization has not 
given fractions of greater catalytic activity than was found for the un- 
fractionated material. 
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METHODS FOR THE DETERMINATION OF ALLOXAN, 
TOGETHER WITH OBSERVATIONS OF CERTAIN 
PROPERTIES OF ALLOXAN 

By REGINALD M. ARCHIBALD 

(From the Hospital of The Rockefeller Institute for Medical Research, New York) 
(Received for publication, December 21, 1944) 

During the past few years there has been an increasing interest in the 
study of the physiological effects of alloxan on plants (1, 2) and animals; 
rabbits (3-12), rats (7, 8, 13, 14), dogs (5, 15-18), cats (11), mice and 
frogs (19), man (16). 

So far there appears to have been no adequate method available for the 
measiu-ement of the concentration of alloxan in tissues, blood, or urine. As 
far as the author is aware, there are only five methods at present described 
in the literature which have been used for the detection of aUoxan. (a) 
The production of turbidity (colloidal sulfur) when alloxan oxidizes HjS 
(20, 21), (b) the formation of characteristic crystals on reaction of alloxan 
mth copper-pyridine solution (22), (c) the formation of a color on reaction 
of alloxan with m-naphthylamine (23), and (d) the precipitation of oxalu- 
ramide on treatment of alloxan with NH^CN (21) have been used as 
qualitative tests, (e) The production of a blue color on reaction of am- 
monium sulfide with alloxan enabled Lieben and Edel (24) to measure 
alloxan quantitatively. The attempts, however, to stabilize the color have 
so far been without success. A number of other color reactions of alloxan 
have been listed in Beilstein (25), but have not been applied to the detection 
of alloxan in mixtures. 

Because the specificity of any method is almost certain to be only a 
relative matter, the method of choice will depend partly on the nature of 
interfering substances present, and consequently may vary from one 
problem to another. For this reason six methods will be described. 

Factors Governing the Selection of the Most Suitable Method 
for Determination of Alloxan 

The selection of the method of choice depends upon (1) the concentration 
of alloxan in the sample, (2) the apparatus available, and (3) the nature and 
amount of interfering substances in .the sample. 

The gasometric (I) and titrimetric (II) methods require about 2 mg. of 
alloxan, but are especially accurate, and offer convenient means of deter- 
mining the purity of given preparations of alloxan and of determining 
alloxan present as an impurity in preparations of other oxidation products 
of uric acid. 
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TJie phospJjotungsfcic acid (III), the diaeetylmonoxbne (IV), and the 
o-phenylenediamine (V) colorimetric methods are next in sensitivity and 
measure 0.02 to 0.2 mg. of alloxan. The o-phenylenediamine (V) and 
phosphotungstic acid (III) methods are the simpler of the three colori- 
metric procedures. The diacetylmono.vime (IV) method is more compli- 
cated than the others. It has been included because it measures a product 
of the KCN reaction (o.xaluric acid) not measured by any other method, 
and may prove useful when relatively high concentrations of reducing 
substances are present. It is not suited to the determination of allo.xan in 
the presence of relatively high concentrations of urea. 

The fluorometric method (VI) is much the most sensitive and measures 
0.02 to 0.2 y of alloxan. It is not suited, however, to determination of 
alloxan in solutions which are fluorescent even before addition of o-phen- 
ylenediamine. 

Nature of Reactions Involved in the Determination of Alloxan 

. Reactions of A lloxan mih KCN — ^The first four methods depend upon the 
reaction of alloxan with KCN in weakly acid or alkaline solution. 

■' As far as the author is aware, no record of any detailed study of the 
reaction of alloxan with cyanide has been published since 1860. According 
to Rosing and Chichkoff (26), reaction of alloxan with ammonium cyanide 
yields oxalan (oxaluramide). Strecker (27) wrote the equation, which in 
present day nomenclature is 

(1) 2NH-CO-NH.CO.CO CO + HjO + NH, -» 

t-— - -- t 

Alloxan 

COj + i VH-CO-NH-CO-CHOH-C O -h NHj-CO-NH-CO-CO-NHs 
Dialuric acid Oxaluramide 

He pointed out tliat even earlier (28) it was known that, wlien potassium 
instead of ammonium ion is used as the alkali, in the presence of ® 
the salt of oxaluric acid is formed instead of the amide. He observe a so 
that the concentration of cyanide is almost unchanged during the reac ion, 
and concluded that cyanide serves as a catalyst and not as a reactan . 
have observed that in the presence of cyanide exactly 1 mole o i 
produced for eveiy 2 moles of ailo.xan present. One concludes, t ere , 
that essentially tlie reaction proceeds as indicated in Equation , 

(2) 2 alloxan -f KOH -♦ dialuric acid -t- NHrCO-NH-CO-COOK + COj 

and that not more than an inappreciable fraction proceeds according to th 
alternative EQuation 3 listed by Strecker, 



K. M. ARCHIBALD 


349 


(3) 3 C.H 5 NJO 4 + 2HCN + 2KH, + 2H,0 2CsH4NjOj + 2C4H4N204 
Alloxan Oxaluramide Dialuric acid 

in which cyanide is used up and no COz is produced. Strecker compared 
the cyanide catalysis of the alloxan reaction with a similar catalysis of 
benzoin formation from benzaldehyde. Menschutkin (29) prepared what 
he believed was potassium oxaluvate from parabanic acid and IvOH, but 
observed that his product differed in properties from the oxalurate obtained 
by Strecker by action of KCN on alloxan. It has been shown (30) that 
oxidation of pyrimidines (or barbiturates') in alkaline solution (and to a 
smaller degree in neutral or weaklj' acid solution) results in ring cleavage 
and the formation of urea or a monosubstituted urea. The oxidation of 
alloxan by alloxan, as catalyzed b 5 ' cyanide, appears to fall in line noth this 
scheme. 

Liebig (21) used the formation of.the sparingly soluble oxalan (oxalu- 
ramide) on treatment with NHiOH and HCN as proof that alloxan was 
present in the dialysate of mucous obtained from a patient suffering from 
“intestinal catarrh.” 

After action of cyanide on alloxan in the absence of oxygen, the products, 
dialuric and oxaluric acids, are present in equimolecular amounts. The 
former, however, being a disubstituted urea, would be expected to react 
relatively slowly with diacetylmonoxime (32) and, therefore, would 
contribute relatively little to the color obtained during the heating interval 
employed. 

Information concerning the products of decomposition of alloxan in the 
presence of cyanide can be summarized as follows: The reaction does not 
give rise to ammonia or urea. Products known to be produced are (a) 1 
mole of CO 2 per 2 moles of alloxan, and (5) oxaluric acid which reacts with 
diacetylmonoxime in acid at 100° at the same rate as do other monosub- 
stituted ureas. Since the color produced is the same as that obtained with 
urea, it is probable that oxaluric acid breaks down rapidh* during the 
heating in acid to fonn urea and oxalic acid, (c) Dialuric acid. This 
forms a violet-blue precipitate on addition of excess barium hydroxide (20) 
and reduces ceric sulfate, ferricyanide, phosphotungstic acid, molybdic 
acid, Nessler’s reagent, and o-phenanthroline ferrous complex. The 
reaction of alloxan in the presence of cyanide (as judged bj’' CO; production) 
requires about 2 minutes for completion at pH 7 and proceeds more slowly 
at lower pH. It is almost instantaneous at pH 9. Both the speed of 

’ A method for the determination of barbiturates in blood and urine based on the 
formation of urea or a monosubstituted derivative on alkaline oxidation (by ultra- 
violet light and addition of a catalyst such as rose Bengal) and measurement of the 
resulting urea or derivative by the use of a-isonitrosopropiophenone (31) or diacetyl- 
monoxime (32) , respectively, is to be published shortly. 
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conversion of alloxan to alloxantc acid and the speed of decomposition of 
alloxan, as catalyzed by cyanide, are increased rapidly as the pH rises. 
Therefore, even when cyanide is present, one would expect part of the 
alloxan to be converted to alloxanic acid as a side reaction. Actually, 
however, the amount of alloxanic acid fonned must be small and is less 
than the experimental error of present methods for determining it. The 
yield of CO 2 and the reducing material produced in anaerobic decomposition 
of alloxan by cyanide are so near to the theoretical amounts that very little 
alloxanic acid can be fonned. 

Method I described in the following pages (gasometric) involves the 
quantitative measurement of the CO 2 liberated when alloxan, catalyzed by 
the presence of cyanide, reacts as indicated in Equation 2. At room 
temperature (25®), the reaction is completed almost instantaneously at 
pH higher than 9. Completion requires 2 minutes at pH 7.0 and, after 
5 minutes at pH 5.0, the reaction is only 76 per cent complete. 

Method II (titrimetric) involves measurement of the reducing product 
, fotmd when 1 moie of alloxan oxidizes another, according to Equation 2. 
The .dialuric acid is titrated (oxidized) in acid with standard ceric sulfate 
solution. 

Method III measures this reducing substance colorimetrically. Phos- 
photungstic acid is reduced to give a blue color. 

Method IV, another colorimetric method, referred to in previous com- 
munications (31, 32), depends on the measurement of another product 
(oxaluric acid) which reacts much more rapidly than alloxan on heatmg 
with diacetylmonoxime in acid solution, yielding a yellow color. The 
precursor giving rise to this color is not urea, being resistant to attack by 


urease. 

Eeaclion m(h o-Phetiylenediamine — ^Hinsberg (33), Kiihling and Ka- 
selitz (34), and Rudy and Cramer (35) observed that allo.xan in neutra 
solution gives a deep yellow color and a fluorescence in the presence 0 
o-phenylenediamine. Hinsberg (33) proposed a quinoxaline structure or 
this product. 



„.^C-CO-NH-CO-NH, 

Rudy and Cramer (35), however, observed thst_N,N^ethyIphejfc^^^ 
diamine (which would not be able to form a 

alloxan yielded a homologous compound with properties s®*’' _ 

the prod^uct obtained with the unsubstituted 

concluded, therefore, that the product obtained with the , 
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unsubstituted o-phenylenediamine was an alloxan anil, as had been sug- 
gested for the monosubstituted derivative by Kiihlmg and Kaselitz (34). 



CO-NH 
C CO 
CO-NH 


Rudy and Cramer consider the possibility that the two structures 
mentioned above exist in equilibrium. It seems unlikely, however, that 
the alloxan ring, once split, would reform. It is of interest to note that the 
splitting of the alloxan ring on reduction in weakly acid, neutral, or alkaline 
solution would be anticipated from the behavior of barbiturates and py- 
rimidine, and would yield a monosubstituted urea similar in structure to 
that proposed by Hinsberg. It has been shown by the author that urea or 
monosubstituted ureas, when heated in acid solution, with diacetylmon- 
oxime (32) or a-isonitrosopropiophenone (31), yield maximum color much 
more rapidly than do cyclic disubstituted derivatives of urea, such as 
aWoxan or barbitUTates. The product oi tbe reaction oi o-pbenyienedia- 
mine with alloxan at pH 4.6, if heated in acid with diacetylmonoxime (32), 
yields color slightly more rapidly than rvould be anticipated if the alloxan 
ring were intact. That is, at least part of the product behaves as a mono- 
substituted urea. Were it not for the statement that the product of 
interaction of alloxan with o-phenylenediamine can be diazotized, then 
coupled to an azo dye, Rudy and Cramer rvould probably have given more 
consideration to the possibility that the product obtained in neutral or 
weakly acid solution (in contrast to neutral or weakly alkaline solution) 
was an alloxazine 


/X/Nv-'Nv 


rAci 


\/\N/\CO/ 


CO 


NH 


as suggested by Kiihlmg (36), or a S-ring compound with a structure 
analogous to that which Rudy (37) assigned to the flavins obtained by the 
action of alloxan on 2,3-diaminopyridines, or 5,6-diaminoquinolines (38). 

We have observed that the higher the pH of the phosphate buffer em- 
ployed, the more rapid is the color development, the lower is the ma.ximum 
optical density achieved, and the more rapid is the fading of the color. 
The color produced is not strictly proportional to the concentration of 
alloxan present, especiallj’- with high concentrations of alloxan. The 
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fluorescence produced, hon-ever, is proportional to the concentrations of 
alloxan employed in the fluorometric procedure. 

Method V depends on the formation of this yelloiv color on reaction with 
o-phenylenediamine at room temperature and pH 4,5, 

Method W, photofluorometric, is the most sensitive and depends on the 
fluorescence of the product of this reaction. As has been pointed out 
Labes and Freisburger (19), the product is stable in acid solution. 


Preparation of Standard Solutions 

As has been shown by Lusini (39) and Labes and Freisbujger (19), 
alloxan in neutral or alkaline solution decomposes rapidly to form alteanic 
acid, CO — NH — CO — NH — COH — COOH. Allo.van solutions are unsta- 

I — I 

ble at pH higher than 3.5. Fresh aqueous solutions of allo.van are weakly 
acid but quickly become more acid as traces of allo.van are converted to 
the much stronger ^lloxanic acid. Allo.van concentrations of 1 mg. per cc. 
or higher quickly acquire a pH of 3.1 or less and are then relatively stable, 
without addition of other acid. Weaker solutions can be rendered stable 
, by the addition of strong mineral acid. When the pH of the standard is 
maintained between 2.5 and 3.4, inappieciable loss of allo.van occurs in 24 
hours at room temperature even when the concentration of allo.van is as 
low as 0.5 r per cc. All standard solutions have been prepared by dissolv- 
ing alloxan in, or diluting its solutions with, 0.002 n H 2 SO 4 . 

Solid preparations of alloxan used for making standard solutions should 
be stored in an ice box. As pointed out by Gortner (40), crystals stored at 
room temperature decompose slovfly. to COj, urea, o.valic acid, and al- 
lo.xantin. 


Conditions for Preparation of Biological Material for Alloxan 

Determination 


Alloxan is rapidty destroyed in whole blood, plasma, and urine. & 
need for precipitation of blood proteins immediately (within a matter 0 
seconds) after drawing the samples cannot be overemphasized. Because 
the method of choice for the precipitation of proteins will vary from one 
problem to another, no attempt is made in the present outline to 
in detail specific precipitation procedures. Certain of ° u 

however, may be of assistance to other workers in the selection 0 sui 
procedures. Since glutathione destroj's allo.van and is present . 
almost entirely in the red cells, for a study of plasma alloxan e p 
tation of plasma proteins without preliminarj' hemolysis 0 e 


advantageous. * n,nlf life about 4 

Since at the pH of blood alloxan is rapidly destroyed (ha 
minutes) even in the absence of glutathione, it is necessao' 
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pH of the medium as soon as possible (within a matter of seconds) after 
drawing a sample of blood. Otherwise by the time centrifugation of the 
blood and separation of the supernatant plasma could be' accomplished 
most of the alloxan present in blood at the time of venipuncture would be 
destroyed. As has been shoum by Herbert, Bourne, and Groen (41), 
Somogyi filtrates of laked blood contain no glutathione. We have ob- 
served, however, that alloxan added to Somogyi filtrates is rapidly de- 
stroyed because the pH of these filtrates is not compatible -ivith stability 
of alloxan. Furthermore, alloxan is precipitated quantitatively by zinc 
hydroxide. It can be released from the precipitated hydroxide by addi- 
tion of a solution of NaHiP 04 . 

Filtrates of fresh dog blood prepared by mixing 1 volume of whole blood 
with 9 volumes of 1.11 per cent sodium tungstate in equivalent (0.073 n) 
sulfuric acid occasionally contained some glutathione. Folin (42) and 
Herbert and Bourne (43) simultaneously observed that plasma proteins 
could be precipitated from whole blood without rupturing the cell mem- 
branes. Herbert and Bourne (43) added 1 volume of whole blood to 8 
volumes of 3 per cent Na2SO4'10H2O and followed this with 0.5 volume 
of 10 per cent sodium tungstate and 0.5 volume of f N sulfuric acid. No 
glutathione came through into the filtrate. We have modified this pro- 
cedure by increasing the normality of acid to 0.75 to give a distinctly acid 
filtrate (pH 3.5) and by mixing the sulfate, tungstate, and sulfuric acid 
immediately before addition of the blood. The supernatants obtained 
after immediate centrifugation contain almost no thio groups. The small 
amount present is probably cysteine and only to a very small extent derived 
from erythrocytes. 

The amount of alloxan which can be recovered after its addition to blood 
depends largely on the rate at w'hich the blood filtrate is prepared. No 
matter how rapidly one prepares a filtrate, large losses (due to decompo- 
sition of alloxan) are inevitable. Therefore experiments designed to show 
the degree of recovery of alloxan added to blood appear useless. Record 
of the results is limited therefore to recovery of alloxan added to blood 
filtrates. 

All procedures outlined below begin on the assumption that the alloxan 
is in a protein-free solution. 

I. GASOMETRIC METHOD 
Apparatus 

Van Slyke-Neill blood gas apparatus (44). 

Reagents 

Cyanide solution, 0.05 .v, 0.65 gm. of KCN in 200 cc. of H-0 (which has 
been preboiled to remove O;). Store in an ice box. To protect from 
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atmospheric COj and Oj it may be stored conveniently in a tonometer 
over Hg. 

Lactic acid, 1.0 if (approximately). 

Procedure 

2 cc. of solution containing 0.2 to 12,0 mg. of alloxan are delivered from 
a rubber-tipped stop-cock pipette ((44) p. 125) into the chamber of the 
Van Slyke-Neill blood gas apparatus. Dissolved oxygen is extracted 
(with other gases) by lowering the mercury to the 50 cc. mark and shaking 
the apparatus for 1 minute. The extracted gases are then ejected. 1 cc. 
of the cyanide solution is introduced with another pipette. The bore of 
the cock is sealed noth Hg and the solutions are mixed. It is important 
that the pH be 7.0 or higher at this point. After 2 minutes, 0.5 cc. of 1 x 
lactic acid is introduced, the bore of the cock sealed again with Hg, and 
the COi extracted by shaking after lowering the Hg to the 60 cc. mark. 
The pi reading is taken with the gas at the 0.5 cc. mark when the sample 
contains 3.0 mg. of alloxan or less, at the 2 cc. mark when the sample con- 
. tains more than 3.0 mg. of alloxan. The temperature is recorded. After 
'adding 0.5 cc. of 5 n NaOH to absorb the COz, a pj reading is taken at the 
same mark used for the pi reading. The procedure followed for measuring 
the COi is exactly as described by Van Slyke {(45) p. 277). 

The blank must include a correction for tlie COj preformed in the solution 
and reagents. The blank is determined by measuring into the chamber 
another 2 cc. portion of the allo.xan solution, then 0.5 cc. of I n lactic acid, 
and 1 cc. of cyanide solution. No CO: is liberated from alloxan in strongly 
acid solution even when cyanide is present. The values of pi and pi are 
determined as in tlie analysis. The blank reading c is calculated as c - 
pi - Pi- 


Calcidation 

Mg. alloxan in sample = f X (pi — P» ~ c) 

where F is tlie factor in Table I corresponding to the temperature and 
volume at which pi was read. _ , ,, 

The factors in Table I are obtained by multiplying those gnen y 
Slyke and Sendroy ((46) Table IX, S = 3.5 cc.) by 3.637 X 2 ; 3 . 63 r is ^ 
ratio of the molecular weight of alloxan monohj'drate to tba o i- 
mole of CO: is liberated for every 2 moles of alloxan. 

When the sample contains preformed CO: m a°s;roWeto 

with, or larger than, that formed by reaction with ^ ® 2 cc. 

alter the procedure as follows, in order to avoid shake 

of sample in the blood gas apparatus add 0.5 cc. of 1 n lacti 
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out the CO 2 , and eject it in the manner outlined by Van Slyke (47) for the 
determination of urea in whole blood. This extraction is repeated twice. 
Then add 0.5 cc. of alkaline KCN solution (0.1 m) prepared by dissolving 

Table I 

Factors by Which Mm. of PcOt Are Multiplied to Give Mg. of Alloxan {As Monohydrate) 

in Sample Analyzed 


SO oc. apparatus; S = 3.S co. 


Temperature 

a 0.5 cc. 

♦ « 1.036 

a *» 2.0 cc. 
i » 1.017 

’C. 



10 

0.01032 

0.04051 

11 

26 

25 

12 

20 

01 

13 

14 

0.03977 

14 

08 

54 

15 

02 

32 

16 

0.00996 

09 

17 

90 

0.03888 

18 

85 

68 

W 

80 

47 

20 

75 

27 

21 

70 

07 

22 

65 

0.03787 

23 

60 

67 

24 

56 

48 

25 

51 

29 

26 

46 

11 

27 

42 

0.03694 

28 

38 

76 

29 

33 

59 

30 

29 

43 

31 

24 

26 

32 

20 

10 

33 

16 

0.03595 

34 

11 

79 


in 90 cc. of water 0.65 gm. of KCN and 12 cc. of 18 N NaOH from which 
the carbonate has settled. Then proceed as above. 

It is important to have the pH of the mixture pH 7 or higher during the 
action of the cyanide. Unless oxygen is removed from the alloxan and 
KCN solutions, the production of COt is about 4 per cent too high. 
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II. TITKIMETBIC METHOD 

Apparatus , 

Reaciiou tubes. Thunberg tubes or other tubes of 20 to 40 cc. capacity 
and capable of being evacuated. Tubes described by Hamilton and Van 
Slyke (48) for use in determination of amino acids by the ninhydrin-COz 
method proved convenient. 

Nitrogen tank or carbon dioxide generator. A 500 cc. Erlenmeyer flask 
partly filled with dry ice and fitted with a delivery' tube serves well. 


Reagents 

0.05 M potassium cyanide. 0.65 gm. of KCN in 200 cc. of water. 

Ceric sulfate stock sta7idard, 0.1000 n. This is prepared and standardized 
(with Mohr’s salt) according to the directions of Miller and Van Slyke (49). 

Dilute umking standard, 0.00100 tr. 1 cc, of stock standard and 1 cc. 
of 18 N HjSO^ diluted to 100 cc. with water. 

IS N sulfuric acid. To 50 cc. of water add 50 cc. of concentrated H:S04 
and make up to 100 cc. with water. _ 

o-Phcnanthraline ferrous complex (50). 0.025 M stock solution. ^ ® 

working strength, 0.005 M, is prepared by diluting 1 cc. of stock solution to 
5 cc. with water. 


Procedure 

1 to 10 cc. of sample (containing 0.5 to 3.0 mg. of 
,he reaction tube. The oxygen of the air in the tube is 
he tip of the CO, or N, deliveiy tube about 1 cm. above the 
he tube. 1 cc. of 0.05 m KCN is then added, the lubricated stoppw ^ 
jerted, and the tube is evacuated at once through the side 
)f the mixture should be above 6.5. After 5 minutes t e a 
eased while the tip of the side ann is he d adjacent to 

tube. 1 ce. of 18 » aSO, is »' V 

mthroline ferrous complex,^ The mi-xture is th 

S The stock solution is obtained from the G. satUfoctory indica- 

Columbus, Ohio. For analysis of most solutions acid Hence, insolutions 

tor. However, it is precipi tated in the presence of tung ^ by 1 drop o 

containing tungstate, o-phenanthroline ferrous 

aqueous solution of either alkali-fast green ^j^^erof thesealternativesis 

Company, Inc.) or of sefopaline C. Percc. 

used) the end-points are compared with the ^ J portions of freshly pre- 

. In place of the o-phenanthroline fewous ^ ^ , .^nt ferric chlonde 

pared 1 per cent solution of potassium “‘7rnroduc‘ ‘’f 

CJ. The tonoyanWe .‘it*.'”™?™ » S 

iriSi’r.r . ™ o, » •“ 
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golden broETi turns to a very faint blue. A stream of CO 2 is expelled from 
a capillary beside the tip of the burette during the titration to maintain an 
oxygen-free atmosphere in the reaction tube. If air is in contact ndth the 
solution during the reaction of cyanide, more ceric sulfate is required to 
reach the end-point. The error is greater the longer the contact nuth air. 
A blank is run with water in place of the KCN solution. The difference in 
titers is the amount of ceric sulfate equivalent to the alloxan in the samples; 
6.25 cc. of 0.001 N ceric sulfate are required for every mg. of alloxan mon- 
ohydrate. 

Calculation 

Mg. alloxan monohydrate in sample = (T, — Ti) X 0.16 

where T, = cc. of 0.001 n ceric sulfate required to reach the end-point in 
the sample. Ti = cc. of ceric sulfate used by the blank. 

Discussion of Tilrimelric Method 

The presence of the slowly oxidizable glutathione or cysteine in a sample 
destroys the sharpness of the end-point. Consequently the end-points 
observed during the titration of urines and Folin-Wu filtrates (which 
contain glutathione) are not sharp. It is especially important in such cases 
to titrate the blank at the same rate as the KCN-treated sample. End- 
points obtained with modified Herbert and Bourne or Somogyi filtrates 
are sharp. 

Hill (51) has shown that dialuric acid in acid solution is readily oxidized 
to alloxan.* This oxidation can be accomplished by atmospheric oxygen at 
room temperature as well as by oxidizing agents such as ceric sulfate. 
This leads to a source of error in the titrhnetric method unless precautions 
to exclude oxygen are observed. If atmospheric oxygen is in contact with 
the allo.van solution during or following the action of cjnnide, part of the 
dialuric acid formed will be oxidized to alloxan. Action of cyanide on 
this regenerated alloxan would be expected to yield only 50 per cent of the 
dialuric acid from which this alloxan was derived. After acidification of 

the slight advantage that a greater depth of color is obtained and that the reagents 
are commonly available. It has the disadvantages that the end-point is (I) yellow 
rather than almost colorless, and (2) is not as sharp as when o-phenanthroline ferrous 
complex is used. 

* Labes and Freisburger (19) indicate that a solution of murexide behaves as amix- 
tnre of alloxan, alloxantin, and ammonia. Richardson (52, 53) points out that in 
solution alloxantin appears to dissociate to a large extent to dialuric acid and alloxan . 
Therefore murexide or alloxantin ■anil gh'e reactions for dialuric acid. Furthermore, 
in any reaction involving reduction of alloxan the immediate product is dialuric acid. 
If an equivalent or more of alloxan remains, alloxantin is formed. If both ammonia 
and an excess of alloxan are present, murexide results. 
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the solution, oxidation of diaiuric acid by atmospheric oxygen continue 
The reconversion of alloxan to dialuric acid by cyanide is, however, almo; 
completely inhibited by the high concentration of H+ ion. One woui 
therefore expect the titer to be low by an amount equivalent to the dialuri 
acid oxidized by air during titration plus half the dialuric acid oxidizei 
before acidification. 

Actually, however, for reasons considered below, contact of the reactioi 
mixture with air before acidification causes the titer to be too high. Th( 
longer this contact, the greater the error introduced. The positive erroi 
amounts to about 1 per cent for every minute of contact with air. 

For these reasons the reaction with cyanide is best conducted in vacuo 
and acidification and titration in a CO 2 atmosphere follow immediately 
after release of the vacuum. When the procedure is followed as outlined, 
the titers are independent of the duration of action of cyanide and check 
within 0.5 per cent. 

The reason for this increase in titer on contact with oxygen was inves- 
♦igoted. It appears that in neutral or alkaline solution dialuric acid in the 
of o.xygen and cyanide yields alloxan and a peroxide, probably 
aydrogen peroxide,' as indicated by Equation 4. 

NH— CO 

I I 

(4) CO CHOH + 0, + H,0 

i 1 

NH— CO 

Dialuric acid 


NH— CO NH— CO 

CO C{OH)j + H 1 O 2 or CO CO + H.Oj + H,0 


NH— CO 


NH— CO 


Alloxan monohydrato Alloxan 

Hydrogen peroxide reduces ceric sulfate. Therefore 1 equivalent of 
dialuric acid gives rise to 1 equivalent of peroxide and 1 equivalent 0 
alloxan (which latter in neutral cyanide yields, according to Equation , 
0.5 equivalent of dialuric acid). Hence for each complete oxida lon-re 
duotion cycle 1 equivalent of dialuric acid yields 1.5 equivalents 0 
capable of reducing ceric sulfate, and prelimina^ action of f 

O 2 increases the amount of ceric sulfate used in subsequen 
instead of diminishing it, as might be expected. 

«Such a reaction has been postulated y thfpreSoee S 

the amount of oxygen utilized in the oxidation which occurred m P 

cyanide. 
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'ihe formation of peroxide was demonstrated by the chemiluminescence 
(54) produced in a fresh mixture of a 0.1 per cent solution of 3-amino- 
phihalbydrazide (luminol) in 1 per cent NaiCOj, and 0.00005 M hemin in 
1 par cent aqueous NajCOi. On addition of either cyanide or alloxan no 
luminescence was observed even on shaking the mixture in air. On addi- 
tion of both cyanide and alloxan luminescence appeared at once and was 
intensified by shaking the mixture in air. A. mixture of alloxan and KCN 
which had stood in contact udth air for several hours gave a very intense 
luminescence with this reagent. 

ni. PHOTOMETRIC METHOD WITH PHOSPHOTONGSTIC ACID 
Apparatus 

Photometer or colorimeter. A Coleman junior spectrophotometer has 
proved satisfactory. Cylindrical cuvettes with an internal diameter of 
16 mm, were used. 


Reagents 

0.002 N sulfuric acid (approximate). 0.1 cc. of concentrated sulfuric 
acid added to 1800 cc. of water. 

Stock standard solution of alloxan. 100 mg. of monobydrate in 100 cc. 
of 0.002 N HaSO*. 

Working standard, 0.02 mg. per cc. 2 cc. of stock standard solution 
diluted to 100 cc. with 0.002 n H 2 SO 4 . Fresh daily. 

Phospholungstic acid. Prepared according to the directions of Ifem and 
Stransky (55). To 50 gm. of reagent grade sodium tungstate add 400 cc. 
of water and 40 cc. of syrupy phosphoric acid. Reflux for 2 hours; make 
up to 500 cc. udth water and store in a brown bottle. 

0.67 M dibasic sodium phosphate. 240 gm. of NajHPOi -121120 to 1 liter 
udth water. 

Potassium cyanide solution, 0.5 u. G.5 gm. of KCN in 200 cc. of water. 
Store in an ice box. 

Reagent mixture vnlh KCN. Enough of this reagent for the series is 
prepared immediately before use by mixing in the following order: 3 volumes 
of 0.67 M dibasic sodium phosphate,* 0.05 volume of 0.5 M KCN, and 
1 volume of phosphotungstic acid reagent. Addition of the phospho- 
tungstic acid to the alkaline buffer should precede the use of the reagent 
by not more than 1 minute. The longer the mixture stands before use the 
less will be the intensity of the color obtained. 

Reagent mixture without KCN. Prepared exactly as above e.\'cept that 

' Substitution of potassium salt would result in precipitation of potassium phos- 
photungstate in the reagent mixture. The concentration of K'*' from the KCN is not 
sufficient to cause precipitation. 
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0.05 volume of water replaces the cyanide solution. This too is prepared 
immediately before use. 


Procedure 

To a 5 cc. sample solution containing 0.015 to 0.15 mg. of alloxan and 
also to 5 cc. of water add 1 cc. portions of the reagent mixture with cyanide 
and mix. To other 5 cc. aliquots of sample and water add 1 cc. of the 
reagent mixture without C 3 mnide. Standards made up to 5 cc. avith wafer 
and containing 1, 2, or 3 cc. of dilute working standard are treated sim- 
ilarly. Allow the color to dex'elop for 30 minutes in the dark and then 
read the optical density of the samples against the water blank in a pho- 
toelectric colorimeter set at wave-length 700 mju. Alternatively the op- 
tical density in the samples can be read against a standard in a visual col- 
orimeter. The color in the sample to which reagent without KCN was 
added is due to reduction of phosphotungstic acid by substances other than 
alloxan. The difference between the optical densities obtained with and 
without cyanide is proportional to the alloxan present (see Fig. 1). 

Conditions Governing the Development of the Color with 
Phosphotungstic Acid 

The mixture of phosphotungstic acid and dibasic phosphate with or 
without cyanide is slightly acid. The more nearly neutral it is made the 
faster the color develops from reduction of 1V++++++ jmd the more rapidly 
does the color fade. Under the conditions specified the color development 
is complete in 20 minutes, after which time loss of 1 per cent of the color 
occurs every hour. 

Best results are obtained when all three components of the reagent are 
added togetlier in a single solution. If addition of cj'anide should precede 
that of the other two components bj"^ 5 minutes, almost no color would be 
obtained. As has been pointed out already, the alloxan is unstable in 
alkali or at a pH near neutrality; tlierefore the basic phosphate must not 
precede the other components. 

rv. PHOTOMETRIC SIETHOD "WITH DIACETVLilONOXIilE 

This method is not recommended for xisual colorimetiy or for use when 
the concentration of urea is greater than that of the alloxan.^ Pre aiy 
removal of urea from solution by urease is not practical, since a oxa 
rapidly destroyed .at pH values suitable for action of urease. 

Apparatus 

Photometer or colorimeter. Cjdindrieal cuvettes wuth an inside diamef 
of 16 mm. have been used for this method. 
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Tesl-iuhes of uniform shape and about 30 cc. capacity for heating the 
solutions during color development. Tubes 20 X 150 mm. have proved 
satisfactory. Each tube is fitted with a rubber stopper through which 
passes a glass capillary (31). 

Reagents 

Diacdylmonoxime, 3 per cent in HiO. 

Potasdum cyanide crystals (reagent grade). 



Fig. 1. Proportionality of the optical density to the amount of alloxan in the sample 
m the phosphotungstic acid and o-phenylenediamine methods. 5 cc. of solution + 1 
cc. of reagent. The reactions were conducted under the conditions prescribed in the 
procedures. 

Standard solution of alloxan containing the equivalent of 0.04 mg. of 
allQxa,n monohydrate per cc. 4 mg. of alloxan are dissolved in 100 cc. of 
0.002 N HnSO,. 

Anhydrous potassium carbonate. 

Acid mixture. Mix 1 volume of reagent sulfuric acid with 3 volumes of 
reagent phosphoric acid and 1 rolume of water (31). 

Procedure 

Duplicate portions of 5 cc. each of the alloxan solution (containing 
0.025 to 0.25 mg. of alloxan) are pipetted into the tubes to be used for the 
subsequent heating. 
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Eight tubes with standards are prepared by measuring duplicate portions 
each of 1, 2, 4, and 5 cc. of stock standard solution with s imila r tubes. 
Unknowns and standards are then each made up to 7 cc. by addition of 
water. 

In one tube of each pair (standards and unknowns) is placed a small 
crystal of KCN (about 0.5 mg.), and if the solutions are acid small portions 
(about 5 mg.) of anhydrous ICjCOj are added until effervescence ceases. 
(Avoid breathing fumes of the HCN 1) The COi in the tube is displaced by 
blowing air through a pipette held half-way down the inside of the tube. 
The liquid is mixed thoroughly. After 20 minutes the conversion of alloxan 
to dialuric acid and oxaluric acid will be complete. 7 cc. of water in another 
tube serve as a blank. It is unnecessary to prepare a blank to which 
cyanide has been added. Then to each tube, unknown, standard, and 
blank (both with and Avithout KCN), are added 5 cc. of the phosphoric- 
sulfuric acid mixture and 0.5 cc. of 3 per cent diacetylmonoxirae reagent. 
Mix the solutions, stopper, and then heat all the tubes exactly 15 minutes 
in a boiling xvater bath. Hereafter protect the tubes from light. Cool 
the tubes in a cold water bath and read the optical density in a spectro- 
photometer set to a wave-lengtli of 470 mu. If the tubes are kept in 
absolute darkness after heating, they may be read at any time after they 


are cool up to 12 to 24 hours. 

The samples (both with and without KCN) are read against the reagent 
blank set at zero optical density.’’ The standards to Avhich KCN Avas 
added are read against the corresponding standard to which no KCN was 
added set to zero optical density. Plot the optical densities read for each 
standard against the corresponding mg. of allo.xan monohydrate. 


Calculaiion 

From the curve so obtained read off the mg. of allo.xan equivalent of 

(a) the optical density of the sample tube treated with cyanide (A), an 

(b) the corresponding sample tube untreated with KCN (B). 

Afff. alloxan monohydrate in aliquot oj solution heated = A — B 


Discussion of Photomelric Alelhod with Diacetylwonoxime 

Subtraction of the alloxan equivalent of the color formed in 
not treated with KCN corrects for the small amount of color toraiea 

r Frequently the color obtained with unknowns is so great, even ^ 

cyanide, that the instrument containing such a unknown not treated 

zero optical density. Therefore a reagent blank, rather *8“ are read, 

with cyanide, is used as a blank against which cyamde-t ■„^rease in 

In case of the standards, however, it is convenient to rea 
color resulting from the cyanide treatment. 
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alloxan itself in the absence of cyanide, as ■well as for color due to substances 
other than alloxan. Since the points from which the standard curve is 
made are obtained by reading each cyanide-treated standard against the 
corresponding standard not treated with cyanide, the method depends on 
the measure of the increase in color production resulting from the presence 
of KCN in the solution. 

Under the conditions outlined in Methods III and IV, in the presence 
of cyanide essentially all of the alloxan is converted to oxaluric acid by 
operation of the cycle indicated by Equations 2 and 4. If the determi- 
nation were conducted anaerobically, the reaction indicated in Equation 4 
could not take place and only half as much oxaluric acid would be formed. 
Although hydrogen peroxide decreases slightly the amount of color obtained 
with phosphotungstic acid, the intensity of the colors developed in Methods 
III and rV is not affected appreciably by the amount of peroxide which 
could be formed by the reaction expressed by Equation 4. 

V. PHOTOMETRIC METHOD 'WITH 0-PHENYLENEDlAMINE 
Apparatus 

Photometer or colorimeter. Cylindrical cuvettes with an inside diameter 
of 16 mm. have been used. 


Reagents 

Molar sodium dihydrogen phosphate, 138 gm. of NaHsPO^-HjO made up 
to 1 liter ■with water. 

o-Phenylenediamine stock solution. 50 mg. are dissolved in 100 cc. of 
glycerol, placed in a brown bottle, and stored in the dark. This solution 
remains colorless and active for at least 6 months. 

Working solution. 5 cc. are diluted to 10 cc. ■with molar NaHjPOi within 
an hour before use. 

Slock standard solution of alloxan, 1 mg. of alloxan monohj'^drate per cc. 
100 mg. of alloxan monohydrate are dissolved in 100 cc. of 0.002 n H:S 04 . 
This is prepared fresh weekly or is stored frozen (in solid CO 2 ). 

Working standard solution of alloxan, 0.04 mg. per cc. This is made 
fresh each day. 2 cc. of stock standard are diluted to 50 cc. with 0.002 
N H5SO4. 

Procedure 

To 5 cc. portions of sample containing 0.02 to 0.2 mg. of alloxan, and 
likewise to 5 cc. portions of HjO (for the blank), and of alloxan standards 
(containing 2, 4, and 5 cc. of working standard made up ■to 5 cc. ■with ■water), 
add 1.0 cc. portions of the “working solution” of phenylenediamine and mix. 
After 20 minutes read the optical densities of the standards and samples 
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against the blank set at zero optical density at a n-ave-lenglh of 390 m/i. 
A wave-length setting of 400 ma gives satisfactory results and can be usd 
when the instrument does not peimit a shorter wave-length setting. 

Calculation 

Phoiomeler Readings — The optical densities of the standards are plotted 
against the corresponding weight of alloxan present. The mg. of alloxan in 
the sample is read from this curve. Since Beer’s law is not folloned 
accurately, standards for use in visual colorimetry must be almost equal in 
allo.\-an concentration to the unknowns. See Kg. 1. 

Visual Golorimctric Readings — 


Mg. alloxan in sample 


D., 

X mg. alloxan in standard 


where D,a ~ reading of sample and D.t = reading of standard. 


VI. photofluorometric method rtth o-phenixenediamine 
Apparatus 

Pholofluoromelcr. A Coleman model 12A is satisfactoiy. 

Filters (primary) Coming No. 5113, (secondarj') Coming No, 33S1. 


Reagents 

Standard alloxati, 0.0002 mg. -per cent. This is prepared /resft by diluting 
the working standard used in the previous photometric procedure. 1 cc. of 
standard containing 0.04 mg. per cc. is diluted to 200 cc. with 0.002 .x 
H,SO<. 

Molar phosphate buffer and o-phenylenediamine stoch are prepared e.xsc 3 
as in the previous method. , 

Working solution of o-phcnylenediaminc reagent is prepared by di u ing 
1 part of stock reagent with 10 parts of molar sodium dihydrogen phospha e. 


Procedure 

To 5 cc. of sample add 0.5 cc. of “working solution’’ 
mine. Set the tubes in a dark place. After 1 hour read in a 
against a reagent blank and compare uith a standard solution o a 
mately the same strength as tlie sample. 


Mg. alloxan in sample 


Calculation 

rending ol sample ^ allo.xan in standard 
reading of standard 


The diamine reagent on exposure to light, Therefore 

light, turns yelloiv and develops marked fluorescence of 
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the blank due to the reagent is markedly increased if the tubes are allowed 
to stand close to and in the path of light from the fluorometer before the 
readings are taken. 


SPECIFICITY OF THE METHODS 

1. Gasomelric Method — Alloxan and compounds ■which dissociate into 
alloxan (e.g., alloxantin) yield CO 2 on treatment with cyanide. In the 
absence of oxygen 0.5 mole of CO 2 is liberated for every mole of alloxan 
present. The yield of CO 2 from allo.xantiir corresponds to the amount of 
alloxan combined in it. That is, 1 mole of alloxantin is equivalent to 1 
of alloxan and 1 of dialuric acid and yields 0.5 mole of CO 2 . Weight for 
weight alloxantin yields approximately half as much CO 2 as does alloxan. 

Ninhydrin, because of its structural similarity, also yields CO 2 in the 
presence of cyanide. The reaction, however, is much slower and at 25° 
and pH 10 the reaction is only 10 per cent complete after 2 minutes. Under 
anaerobic conditions dialuric add (prepared according to the method of 
Biltz and Damm (56)) yields no CO 2 . Likewise, parahanic add, aHanlmn, 
eystdne, glutathione, esculin, and caffdne yield no CO 2 in the presence of 
cyanide. Ascorbic add and uric add in cyanide and under the prescribed 
conditions of analysis yield less than 5 per cent of the CO 2 obtained ivith 
equivalent amounts of alloxan. 

n. Tiirimelric Method — This method, like the phosphotungstic acid 
colorimetric method, depends for its specificity on the increase in reducing 
action resulting from treatment with cyanide. Although a wide variety of 
.substances reduce ceric sulfate, only alloxan, alloxantin, and ninhydrin are 
known to have their reducing power towards ceric sulfate increased by 
treatment with cyanide. Neither alloxan nor ninhydrin reduces ceric 
sulfate in the absence of cyanide. On treatment with cyanide 1 mole of 
alloxan yields 0.5 mole of dialuric acid, which reduces ceric sulfate. In the 
same manner the mole of alloxan combined in 1 mole of alloxantin yields 
an additional 0.5 mole of dialuric acid on treatment with cyanide. Nin- 
hydrin on addition of cyanide likewuse gives rise to reducing material. 

Parabanic add, caffdne, oxaluric add (prepared according to the methoc. 
of Biltz and Topp (57)), and allanloin do not reduce ceric sulfate. Dialuric 
odd (and therefore also alloxantin), uric add, esculin,^ and ascorbic add 
reduce ceric sulfate rapidly whether cyanide is present or not. Likewise 
reduced glutathione, cysldne, and crgothiondne also reduce ceric sulfate, 
although they do so very slowly. The end-points obtained with solutions 
containmg these three substances are therefore not sharp. Except for 

• EscuHn forms a transient deep blue color on treatment with ceric sulfate. This 
color changes to a golden brown (more rapidly in the presence than in the absence of 
cyanide). 
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alloxantin, the reducmg power of tlie last seven compounds mentioned 
towards ceric sulfate, is not altered by treatment with cyanide. 

Photmnelric Method with Phosphotungslic idcid— Under the con- 
ditions outlined for the procedure, alloxan and ninhydrin do not reduce 
phosphotungstic acid in the absence of cyanide. Dialuric add> and com- 
pounds (such as alloxantin) which dissociate into dialuric acid do reduce 
phosphotungstic acid, either in the presence or the absence of cyanide. 
Cyanide does not intensify the color produced from dialuric acid, but does 
intensify the color obtained with alloxantin (because alloxan is one of the 
dissociation products of alloxantin). Ascorbic add rapidly reduces phos- 
photungstic acid even in the absence of cyanide. Addition of cyanide, 
however, doubles the intensity of the blue color obtained with ascorbic acid. 
Weakly acid solutions of glutathione and cystdne also reduce phosphotungstic 
acid rapidly in the absence of cyanide. However, on addition of cyanide 
the reduction of phosphotungstic acid by glutathione and cysteine is 
decreased to less than 7 per cent of its former level. Ergoihiondne reduces 
phosphotungstate slowly both in the absence and especially in the presence 
of cyanide. Presumably the addition of cyanide decreases the rate of 
reduction of phosphotungstic acid by thiol groups but increases the rate of 
reduction by other parts of the molecule. At the prescribed pH, vric add 
causes very slight reduction of phosphotungstic acid either in the presence 
or absence of cyanide. Parabanic add, caffdne, esculin, oxaluric add, and 
allantoin yield no color either with or without cyanide. 

To summarize: The blue color obtained with phosphotungstic acid is 
increased by addition of cyanide in the presence of alloxan, alloxantin, 
ninhydrin, and ascorbic acid. An almost inappreciable increase is caused 
in the presence of cyanide by uric acid and ergothioneine. The color 
given by glutathione and cysteine is decreased when cyanide is present. 

In the reaction of alloxan with thiol groups 1 mole of alloxan yields a mole 
of dialuric acid, whereas mth cyanide 1 mole of alloxan yields only 0.5 mole 
of dialuric acid. Therefore if alloxan (concentration = .4) is added to a 
solution containing a smaller concentration of glutathione or cysteme 

(thiol concentration = T), the color obtained ivith phosphotungstic aci m 

the presence of cyanide, f(A - T) + T, is greater than that which would 


• Dilute solutions of dialuric acid are very quickly oxidized to a 
itmospherio oxygen unless precautions are observed to keep air * a„ide 

After oxidation to alloxan they no longer reduce phosphotungstic a.oid un 
is added. Addition of cyanide to the oxidized dialuric Juricacid 

cent as much dialuric acid as was present before oxidation, ^olu lo P ^ i,y 

ate therefore prepared in water from which dissolved oxygen *56 
evacuation. An atmosphere of CO„ or N, is then mamtamed above the wa 

bcfoie and after addition of the dialuric acid. 
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be obtained "with the same amount of alloxan in the absence of thiol groups 
(§A). On subtraction of the blank T, obtained in the absence of cyanide, 
the difference, ^(A — T), is equivalent to the amount of alloxan actually 
remaining in solution after reaction rvith the thiol groups and is therefore 
equivalent to less than the amount added. If T is greater than A, then no 
alloxan is left in solution and the negative difference obtained on subtracting 
the blank corresponds to the amount of thiol group left rmattached by 
alloxan. 

IV. Colorimetric Method with Diaceiylmonoxime — ^The specificity of 
color formation with diacetyhnonoxime in acid has been discussed in a 
previous communication (32). The specificity of the method as applied to 
alloxan depends on the fonnation of a monosubstituted urea when alloxan 
decomposes in the presence of cyanide. Only alloxan and compounds 
dissociating to give alloxan show an increase in color production on heating 
in acid with diacetyhnonoxime as a result of treatment with cyanide. This 
method is tedious and is not recommended for routine determination if the 
sample contains urea. It is included since it may prove useful when run in 
conjunction with one of the other methods in testing specificity. 

7. Photometric Method with o-Phenylenediamine — Fonnation of a yellow 
color occurs in the presence of alloxan and alloxantin. Ninhydrin yields 
a yellow precipitate. Under the prescribed conditions of analysis ascorbic 
acid gives inappreciable color but if the mixture of diamine and ascorbic 
acid is exposed to daylight or especially to ultraviolet light, it yields a 
yellow color much faster than does the reagent blank.’” No color was 
produced with glutathione, cysteine, parabanic acid, uric acid, allantoin, 
oxaluric acid, caffeine, or esculin. 

77. Fluorometric Method with o-Phenylenediamine — Alloxan and com- 
pounds which dissociate into alloxan yield a green fluorescence with o- 
phenylenediamine. Ninhydrin, which is itself fluorescent, yields a product 
with a stronger fluorescence. Ascorbic arid yields a product having a blue 
fluorescence.’” No fluorescence product is obtained with parabanic acid, 
uric acid, cysteine, glutathione, ergothioneine, allantoin, or caffeine. 

Results 

Table II shows the recovery of alloxan added to modified Herbert and 
Bourne, Folin-Wu, and Somogyi filtrates of dog whole blood as determined 
by the two simplest colorimetric methods. 

” Methods for the determination of ascorbic acid in blood and urine based on the 
formation of a blue fluorescence on reaction in the dark with o-phenylenediamine and 
of a yellow color on exposure of the product to ultraviolet light are being developed 
and will be published later. Dehydroascorbic acid (structurally related to alloxan) 
18 the product measured. 
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DISCUSSION 

Observations Concerning Tests for Purity of Alloxan Preparations 

petermination of the nitrogen content of alloxan samples by the micro- 
Kjeldahl method of Van Slyke and Kugel (58) leads to values which are 
0 to 10 per cent lower than those obtained when other organic matter 
(e.g., 30 mg. of glucose) is added to each sample before the acid digestion. 

Because several impurities frequently present in commercial preparations 
of alloxan contain almost the same per cent nitrogen, a sample which shows 
theoretical nitrogen content by Kjeldahl analysis is not necessarily pure. 

Pure alloxan treated with excess of Ba(OH)s does not yield a purple 
•color. Preparations containing decomposition products such as iso- 
dialuric (59) and dialuric acid (20) yield a purple color with excess Ba(0H)!. 


Table II 

Recovery of Alloxan Added to Blood Filtrates. Phospholmgslie Acid and o-Phenylene- 

diamine Methods 


1 cc. of solution containing 0.20 mg. of alloxan was added to 5 ca. of 1:10 Sltraie 
of rrhole dog blood. The mixtures were analyzed as outlined in the procedures. 


( —— — 

Filtrate 

Alloxan recovered by 
pbosphotungstic acid 
method 

Alloian recovf rti! bjr 
o-phcnyicfiecfCflHfltf 
method 


fer ceni 

per cent 

Polin-Wu 

93 

; 97 

Modified Herbert and Bourne 

96 

96 

Somogyi* 

98 

99 


* Unless analyses are done immediately after addition of alloxan, there is marke 
loss of alloxan due to conversion to alloxanic acid at the pH of the Somogyi filtrates. 
Alloxan is precipitated quantitatively by Somogyi reagents. 


This color sometimes is intensified on addition of NaOH, although Na 
tvdthout Ba(OH)s yields almost no color. 

Pure alloxan (prior to treatment with cyanide) does not reduce cenc 
sulfate. Impure preparations reduce it even without addition of cyam e. 
Therefore the difference obtained in the titer of an aliquot of samp can o 
water, when no cyanide is used, is a measure of the alloxantm prese 


Reaction of Alloxan vrith Blood Constituents 

Urcfl— Mulder (60) observed that when a solution 
ular concentrations of aUoxan and urea is evaporated slowj 
3 day period) star-shaped groups of crystals of J ® ‘ 

The product is weakly acid, gives a negative test for therefore 

is only sl«b«y soluble » 

differs in this respect from alloxanic acid-urea. Alluranic 
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soluble in dilute alkali (K2CO3) and is slowly decomposed by NH4OH, 
yielding a product differing from dialuric acid. It is precipitated by acids 
from a fresh solution and can be boiled without decomposition in dilute 
acetic acid but not in dilute hydrochloric acid. It is unaffected by treat- 
ment with HjS (60). 

Biltz and Heyn (61) pointed out that Mulder’s compoimd could be 
obtained as flat prisms with 0.5 mole of water of ciystallization when the 
formation took place over CaO. A solution of alloxan and urea dried over 
H2SO4 yielded only crystals of the unchanged solutes. Biltz and Heyn 
assigned the formula 


NH— CO 

I I 

CO COH-HN. 


NH— COH-NH- 


CO 


We have observed that on mixing concentrated solutions of alloxan 
(1.6 gm.) and urea (0.6 gm.) in equimolecular amounts either in water or 
in 0.1 N H2SO4 white crystals separate after 30 to 45 seconds. The product 
is much less soluble than alloxan or urea. A dilute aqueous solution of the 
product behaves as though it contained only the two reactants. Urease 
slowly removes urea from a solution of the product and phosphotungstic acid 
is reduced by the product in the presence of cyanide. In this respect it 
differs from ninhydrin ureide. The product is therefore either a slightly 
dissociated alloxan salt of urea or a hydrated ureide which is easily hy- 
drolyzed to alloxan and urea. It is of interest in this connection that Van 
Slyke and Hamilton (62) showed that urea and ninhydrin (which is structur- 
ally related to alloxan) combine readily to form ninhydrin ureide. As 
pointed out by Mulder (60) alloxan will not remain unchanged for long 
when it is present in solutions containing urea (as for example in blood or 
urine). However, we observe that solutions of alloxan containing an 
equivalent of urea after standing 12 hours at room temperature cause the 
same amount of reduction of phosphotungstic acid-cyanide reagent as is 
caused by a fresh mixture of alloxan and urea or by alloxan in the absence 
of urea. 

Amino Acids — Alloxan reacts with amino acids (except proline) at pH 
near 7.0 to give purpuric acid salt (63) which is colored in neutral or 
alkaline solution (19), an aldehyde containing one less CH2 than the amino 
acid (G4) and CO2 and NH3. Wieland and Bergel (65) note that the 
reaction is catalyzed by Pd black. Lieben and Edel (24) concluded that 
color formation on interaction of alloxan with amino acid (or NH3) was 
unsatisfactorj'- as a measure of either alloxan or amino acids (or NH3) 
because (a) the color faded rapidly, (6) the method was not sufficiently 
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sensitive (especially with NHj), (c) the color was not proportional either to 
the alloxan or to the amino acid (or ammonia) present. This reaction nith 
alloxan is analogous to that of ninhydrin with amino acids. It is inter- 
esting that the same conclusions have been reached with respect to irin- 
hydrin as a color reagent for measuring amino acids (66, 67) and ammonia” 
as Lieben and Edel reached with alloxan. Lieben and Edel (24) pointed 
out that alloxan reacts more easily with the SH groups of amino acids and 
proteins than with the a-hTHi groups and that the color obtained when 
alloxan reacts with proteins or amino acids containing SH groups is due 
largely to oxidation of thiol groups. Therefore alloxan injected into circu- 
lating blood is converted rapidly (a) to alloxanic acid by the alkali, (h) to 
alloxantin,* thence to dialuric acid by the thiol groups of plasma proteins 
circulating cysteine and any small amount of glutathione which may be 
present in plasma; a slower reaction with the a-NHj groups of circulating 
amino acids with formation of dialuric acid (or alloxantin or purpuric 
acid) w’ould be anticipated, (c) Part (although a small part) of the alloxan 
probably combines with urea. 


InlcrpreUiHon of Certain Biological Effects of AUoxan in the Light of Its 

Chemical PropeTlies 


Bernheim (08) states it is difBoult to decide whether the inhibition by 
cyanide of the 10-fold acceleration by alloxan of O 2 uptake of slices of guinea 
pig liver acting on ethyl alcohol is due to the inhibition of a cyanide-sensi- 
tive system through which alloxan must act, or whether it is due to a 
combination of cyanide with alloxan, thus inactivating it directly. It 
would seem that decomposition of alloxan in the presence of cyanide is 
sufficient to account for the cyanide effect observed by Bernheim even 
though the system may be sensitive to cyanide on other accounts. 

The fact that reduced glutathione partly counteracts the miubition by 
alloxan of the formation of Robison and Cori esters (69) and that alloxan 
retards fermentation by yeast cells (2) is not surprising in view of t e 
destruction of thiol groups by alloxan reported by Labes Md Freisburger 
(19) . Addition of alloxan to filtrates of whole blood containing 
or to glutathione alone, results in the formation of dialuric acid.*’’ ® 
product of this reaction has been identified by its reducing power an y 
formation of a deep violet-purple color on addition of excess baryta an 


its reconversion on contact with O 2 to form allo.xan 



alloxan snomu wou uc uvciwuivcu, - - pn-vine 

and Izar (70) and Preti (71) that dog liver or 

system capable of splitting uric acid to “ the^absence of 

oxygen and of synthesizing uric acid from dialunc acid m 


u Pnpubliahed data by D. D. Van Slyke and R. M. Archibald. 
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ojcygen. Dog liver perfused 'with normal blood destroyed uric acid. 
When, however, the blood was saturated •with CO 2 , uric acid reappeared 
(70). The marked rise in the blood level of uric acid which is observed in 
dogs in which severe shock is induced (72) might be explained in part by 
in vivo operation of this enzyme system. 

Lang (73) reported a single case of a patient who excreted either alloxan 
or a precursor of alloxan in urine. This sugar-free urine, which was yellow 
on voiding, turned reddish blue and alkaline on standing several hours. 
This change to alkalinity and the resulting odor of ammonia could be 
accounted for by the oxidation on contact with air, of the relatively strong 
dialuric acid to the weaker alloxan. This latter, once formed, would 
react ■with dialuric acid and ammonium ion to form the colored murexide. 
The possibility that the rapid rise in pH of the urine and the formation of 
alloxan or precursors were the result of bacterial action on urea and uric acid, 
respectively, should not be overlooked. Such a rapid increase in alkalin- 
ity, however, as that reported would be bacterial in origin only if there 
was gross infection, and the reported absence of leucocytes and erythrocytes 
leads one to believe that Lang’s patient may have had an unusual me- 
tabolic anomaly rather than cystitis or pyelitis. 

If dialuric acid is formed in blood, it would not be surprising if minute 
amounts of alloxan were formed by action of molecular oxygen carried by 
the hemoglobin.’* As indicated, however, in previous communications 
(31, 32), if alloxan is present in plasma, its concentration is inappreciable. 
Application of the most sensitive method (fluorometric) to filtrates of 
normal dog and human blood prepared rapidly by the modified Herbert 
and Bourne method indicates that the concentration of alloxan in normal 
plasma is less than 0.02 mg. per 100 cc. 

Since this manuscript went to press, the author has been informed by 
Leech and Bailey that they will publish shortly (74) tw'o methods for the 
determination of alloxan in blood. Their findings w’ith respect to the 
instability of alloxan in plasma have been confirmed, in part, by the author. 
The writer deeply appreciates the kindness of these workers in loaning a 
copy of their manuscript prior to its appearance in print. 

The author is indebted to Dr. D. D. Van Slyke for help in preparing the 
manuscript. Miss E. Stroh, Miss P. Ortiz, Mr. J. Broimer, and Mr. A. 
Despopoulas rendered valuable technical assistance during the development 
of the methods. 

” No Eignificant change in the blood sugar level of dogs has been observed 2, 5, 
and 48 hours after the intravenous injection (ISO mg. per kilo) of freshly prepared 
dialurate (56) , or after repeated doses of half as much ninhy drin. The observation 
with ifialurate confirms that of Jacobs (3) with rabbits and of Goldner and Gomori 
(16) with dogs. That with ninhydrin is of interest in supporting their (16) statement 
concerning the specificity of alloxan with respect to its ability to produce diabetes. 
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DETERMINArrON OF ALLOXAN 


SUMMABY 

1. A gasomctric, titrimetric, three colorimetric, and one fluorometric 
methods for the determination of ailoxan have been outlined. 

2. The chemical properties of alloxan are discussed in relation to methods 
for its quantitative deteimination and its stability in physiological liquids. 

3. In the presence of cyanide and oxygen, dialuric acid gives rise to 
peroxide. 

4. Blood piasmr and urine of normal humans and dogs contain less than 
0.02 mg. of ailoxan per 100 cc. 
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GASOMETRIC DETERMINATION OF GLUTAMINE AMINO ACID 
CARBOXYL NITROGEN IN PLASMA AND TISSUE FILTRATES 
BY THE NINHYDRIN-CARBON DIOXIDE METHOD 

Br PAUL B. HAMILTON 
With the Assistance of Rose Ruth Tarb 

(From the Hospital of The Rockefeller Instilule for Medical Research, New York) 

(Received for publication, September 25, 1944) 

Reactions of Glutamine on Which Present Determination Is Based 

Glutamine, like other a-amino acids, possesses the necessary specific 
configuration to react with ninhydrin with the evolution of COj, and its 
carboxyl (a-amino*) nitrogen can therefore be measured by methods already 
published (1). Glutamine is also readily converted practically quantita- 
tively, by heating in solution under conditions defined with regard to pH 
and time, to pyrrolidonecarboxylic acid; this latter compound does not 
react with ninhydrin to evolve COj. If a solution containing glutamine is 
analyzed for carboxyl nitrogen with and without being subjected to con- 
ditions that effect conversion of glutamine to pyrrolidonecarboxylic acid, 
the difference in carboxyl nitrogen between the treated and untreated 
samples will be a measure of the glutamine present in the solution. 

To determiue the glutamine carboxyl nitrogen in deproteinized picric 
acid filtrates of blood plasma and tissues, samples of filtrate are analyzed for 
carboxyl nitrogen by the manometric ninhydrin-COj method (1) udth and 
ulthout heatmg for 90 minutes at 100® in 0.08 m phosphate buffer of pH 
6.5. The difference in carboxyl nitrogen between the heated and unheated 
samples of filtrate, multiplied by a factor to correct for a small loss of 
glutamine carboxyl nitrogen in the unheated sample that occurs during the 
course of the procedure, gives the glutamine carboxyl nitrogen in the 
filtrate analyzed. A concentration of 1.0 mg. of glutamine carboxyl 
nitrogen per 100 cc. in plasma (about the usual plasma concentration) can 
be determined to within ±5 per cent; glutamine in an aqueous solution of 
the same concentration can be determined to within ±2 per cent. 

The application of the ninhydrin-COj method to the determination of 

' The term “carboxyl nitrogen” is used to indicate values calculated as 1 gm. atom 
of nitrogen per mole of COj evolved by reaction of o-amino acids with ninhydrin (I). 
In the paper by Hamilton and Van Slyke (2) the term “or-amino nitrogen” was used 
synonymously. “Carboxyl nitrogen,” though unconventional, is leas likely to be 
confused with the term “amino nitrogen,” which is reserved for nitrogen determined 
by the nitrous acid procedure of Van Slyke (3). 
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GLUTAMINE DETERMINATION: NINHraRIN-COz METHOD 


glutamine in blood plasma filtrates has already been outlined in principle in 
a brief communication (4). Independently Neubetger and Sanger (5) 
applied the same principle to the determination of glutamine in potato 
extracts. Certain significant variables such as pH, temperature, nature 
and concentration of buffers employed for the change of glutamine to pjarol- 
idonecarboxyhc acid, that must be taken into consideration in the quanti- 
tative determination of glutamine, mere not considered in their paper. 

The method presented in this paper can be can-ied out rvith reasonable 
rapidity, noth a fairly high degree of specificity, and rvith less preparative 
procedure than most of the methods reviewed below. The method also 
yields the total carboxyl nitrogen of the free amino acids present in the 
filtrate analyzed. This value, determined on the picric acid filtrate after 
precipitation with neutral lead acetate, is lower than that obtained on the 
filtrate before treatment with lead acetate by the method of Hamilton and 
Van Slyke (2); the total carboxyl nitrogen of plasma picric acid filtrates is 
reduced by about 5 per cent and tissue filtrates by about 10 per cent by the 
lead precipitation. It appears that the precipitation with lead removed 
small amounts of amino acids other than glutamine. 

Interfering and Non-Interfering Substances — ^Ammonia, glucose, pyruvic 
acid, pyrrolidonecarboxjdic acid, and a-amino acids do not interfere in the 
determination. Neither asparagine nor glutamic acid interferes; the 
conditions used for ring closure of glutamine change the carboxyl nitrogen of 
these compounds less than 0.1 per cent. Urea, because of its spontaneous 
evolution of COa in hot solution, is a disturbing factor if present in relatively 
large amounts. In glutamine determinations in blood plasma, urea is 
therefore routinely removed by urease. In the analysis of tissues for 
glutamine it is unnecessary to remove urea, provided it is not present n 
abnormally great amounts. Glutathione and ascorbic acid in tissues, am 
ascorbic acid in plasma, will give rise to positive errors of considerabi 
magnitude in the analytical procedure, but both are coriveniently ^emo^ec 
by a single precipitation at pH 6.5 with neutral lead acetate. 

The conditions influencing the speed and completeness of the change o 
glutamine to pyrrolidonecarboxylic acid have been subjected to defa e 
study, and the influence of pH, temperature, the nature and concratration 
of buffer on its stability were systematically investigated. The m 
pertinent data vrith respect to the effect of these variable factors are in- 


cluded in this paper. _ 

Previous Procedures for Glutamine Determinahon-Uhe 
for the determination of amide nitrogen originated mth (6) 

the —a atoge. liberated ''7 ®“ » 

plant tissues on hydrolysis with 4 n sulfunc acid at 100 for 
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amide nitrogen of both glutamine and asparagine is liberated quantitatively 
as ammonia under the condition of hydrolysis devised by Sachsse (6).* 

Chibnall and Westall (9) noted that the amide group of glutamine was 
extensively hydrolyzed if the solution was heated at 100° for 3 hours at 
pH 8, whereas asparagine was scarcely affected by this treatment. They 
also noted that not only the a-amino nitrogen but also 84 per cent of the 
amide nitrogen of glutamine was determinable by the Van Slyke nitrous acid 
procedure for analjrsis of a-amino acids (3) when the reaction mth nitrous 
acid was carried out for 10 minutes. As the amide group was hydrolyzed, 
a decrease in amino nitrogen determinable by nitrous acid occurred u'hich 
paralleled the ammonia production. Chibnall and Westall tentatively 
suggested that these changes occurred as a result of the conversion of 
glutamine to ammonia and glutamic acid, part of the glutamic acid being 
subsequently converted to pyrrolidonecarboxylic acid. They also sug- 
gested that the change of amino nitrogen could be taken as a measure of 
the glutamine in plant filtrates. 

The work of Chibnall and Westall (9) was extended by Vickery, Pucher, 
Clark, Chibnall, and Westall (10) to provide a quantitative method for the 
detemunation of glutamine in plant tissue extracts by measurement of the 
ammonia liberated in 2 hours at 100° at pH 6.5. These authors were 
cognizant of the fact, experimentally investigated by Chibnall and Westall 
(9), that urea was an interfering substance, but considered the traces of urea 
likely to be encountered in plant tissue extracts to give rise to negligible 
errors. These authors also provided evidence that glutamine was con- 
verted to ammonia and pyrrolidonecarboxylic acid, and not to ammonia 
and glutamic acid as originally postulated by Chibnall and Westall (9). 

Pucher and Vickery (11) have described a more specific method for the 
determination of glutamine, based on the work of Chibnall and Westall (9) 
and Vickery et al. (10), in which plant filtrates are heated under specific 
conditions to give practically quantitative conversion of glutamine to 
pyrrolidonecarboxylic acid. This substance was then extracted from the 
filtrate with ethyl acetate in a continuous extraction apparatus. Amino 
nitrogen determinations by the nitrous acid method (3) were carried out on 
aliquot portions of an aqueous solution of the extracted material before and 
after heatmg for 2 hours at 100° in the presence of 2 n HCl. The hydrol- 
ysis reconverted the pyrrolidonecarboxylic acid to glutamic acid and the 
mcrease in amino nitrogen was taken as a measure of the glutamine. The 
e.xtraction technique of Pucher and Vickery (11) makes removal of ammonia 
and urea unnecessary, but the analytical procedure is somewhat lengthy. 

‘ Although the classical method for the determination of amide nitrogen was 
devised by Sachsse (6), glutamine was discovered by Schulze (7) and asparagine was 
discovered by Vauquelin and Robiquet (8). 
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Krebs (12) found that hydrolysis of the amide nitrogen of glutamine was 
complete in 5 i^utes at 100° in 5 per cent sulfuric acid, while 23.2 per cent 
of the amide nitrogen of asparagine was hydrolyzed under the same con- 
ditions. Urea was claimed not to be hydrolyzed by the procedure. Cliib- 
nall and Westall (9) found that 22.9 per cent of the nitrogen of urea was 
liberated as ammonia in 1 hour at 100° in 1 n sulfuric acid. Harris (13) 
recognized the importance of this fact in his investigation of the rate of 
hydrolysis of glutamine amide nitrogen in trichloroacetic acid filtrates of 
blood plasma and in spinal fluid and in 0.7 n hydrochloric acid. Harris 
measured the ammonia nitrogen in deproteinized filtrates incubated for I 
hour and 15 minutes at 70° in 10 per cent trichloroacetic acid; complete 
hydrolysis of glutamine amide nitrogen occurs under these conditions. 
Any ammonia nitrogen that was liberated in a second period of 1 hour and 
15 minutes at 70° was considered to come from urea and was accordingly 
subtracted from the ammonia nitrogen produced during the first incubation 
period. Under these conditions only 12 to 15 per cent of asparagine amide 
nitrogen is liberated; no evidence of the presence of asparagine in blood 
plasma was obtained. 

More recently Archibald (14) has developed a highly specific method 
in which the amide group of glutamine is hydrolyzed by the enzyme 
glutaminase. If a good source of enzyme is available (dog kidney), the 
precision and specificity of the method are undeniable. 


Apparatus 

The Van Slyke-Ncill manometric apparatus, storage vessel for COrhe® 
0.5 N NaOH, alundum pieces to promote smooth boiling, calibrated glass 
spoons for measuring 100 mg. of ninhydrin, wafer bath for reaction messes, 
and wire basket for holding reaction vessels are all as described for t e 
manometric ninhydrin-COj method of Van Slyke, Dillon, MacFadjen, an 
Hamilton (1) or for the manometric carbon determination of tan y e 
and Folch (15). The all-glass reaction vessel, high temperature 
and rubber connecting tubes are as described for the manometric mn } ™ 
COi method for the determination of carboxyl nitrogen in blood w ra 
by Hamilton and Van Slyke (2). For analysis of ™ .. 

household meat mincer and a Waring blendor, or other rapid mincer, 


necessary. 


Reagents 


Ninhydrin, approximately 0.6 n NaOH of minimal C ^ j ^ 

saturated NaO solution, approxtmaidy 5 n app V 

laclic acid in nearly saturated NaQ solution, and p The^folloiving 
(0.0437 n) are as described by Hamilton and Van Slyke (2). 
reagents are also needed. 



P. B. HAMmrON 


379 


2.10 u ■phosphate buffer solution to give pH 6.7 when diluted. 16.28 gm. 
of anhydrous KH2PO4 and 12.92 gm. of anhydrous NajHPOi are placed in a 
100 cc. volumetric flask, dissolved in distilled water, and made to volume. 
To 25 cc. of water, 1 cc. of the buffer is added and the pH of the solution 
checked at the glass electrode. It should be pH 6.7 ± 0.1. 

S M acetate buffer solution to give pH 4-7 when diluted. 17.2 cc. of glacial 
acetic acid and 50 cc. of 3 N NaOH are mixed and made to 100 cc. volume 
with water. When 0.1 cc. of this buffer is added to 5 cc. of water, the pH 
should be 4.7 ± 0.1. It is checked at the glass electrode. 

20 per cent neutral lead acetate solution. 23.5 gm. of neutral lead acefate, 
Pb(C2H302)2-3Hj0 (equivalent to 20 gm. of Pb(C2H302)2, are dissolved in 
water and made to 100 cc. volume. The solution is stored in a well stop- 
pered bottle. 

0.2 N potassium iodaie solution. 0.714 gm. of potassium iodate is made to 
100 cc. with water. 

Approximoiely 4-5 N acetic add. 25 cc. of glacial acetic acid are made up 
to 100 cc. with water. 

Urease of low amino add content, prepared according to' the directions of 
Archibald and Hamilton (16), 

Approximately 0.76 n NaOH. 

04 per cent brom-thymol blue indicator, aqueous (17). 

0.4 per cent brom-cresol ■purple indicator, aqueous (17). 

Approximately 1 per cent ■picric add solution containing 3 per cent acetic 
add. 30 cc. of glacial acetic acid are diluted to 1 liter with 1 per cent picric 
acid solution. 


PBOCEnnsEs 

Determination of Glutamine in Plasma 

Preparation of Plasma Filtrates — ^For plasma the following procedure is 
applicable. Blood is drawn (15 cc.) and placed in a flask containing 1 .5 mg. 
of heparin as anticoagulant. The blood is centrifuged at once and the 
plasma separated. For duplicate analyses, 5 cc. of plasma are placed in a 
30 cc. volumetric flask, 10 mg. of urease of low amino acid content (16) are 
added, and the flask contents adjusted to between pH 6.5 and 7.0 by the 
addition of 1 n acetic acid, with a drop of 0.4 per cent brom-thymol blue as 
an internal indicator. The flask is then placed in a water bath at 37° for 
60 minutes. No measurable loss of glutamine occurs, provided acetate, 
and not phosphate, is used to buffer the plasma. If the plasma becomes too 
alkaline, as indicated by the development of a deep blue color, 1 n acetic 
acid is added till the color is restored to green. If the pH were permitted to 
exceed 7, action of the urease would be retarded and decomposition of 
glutamine would become significant. 
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Pl^ma and urease proteins arc precipitated by making the volume to 30 
cc. vith 1 per cent picric acid solution. K the plasma contains 100 mg. or 
moro of urea nitrogen per 100 cc., the solution is made to 30 cc. by addition 
of the 1 per cent picric acid solution containmg 3 per cent acetic acid. (The 
acetic acid is added in order to neutralize ammonia from the unusual 
amount of urea and to render the solution sufficiently acid to effect complete 
precipitation of the proteins by the picric acid.) After standing 10 minutes 
the solution is transferred to a 50 cc. round bottomed centrifuge tube and 
the precipitated proteins are separated by centrifugation for 5 minutes at 
3000 K.P.M. The supernatant solution is filtered through a funnel con- 
taming a plug of cotton about the size of a bean inserted into the lower end 
of the funnel stem (a larger plug or a filter paper might absorb too much 
filtrate to leave enough for duplicate analj'ses). 

Removal of Ascorbic Add with Neutral Lead Acetate— A 25 cc. portion 
of the picric acid filtrate is pipetted into a 50 cc. Erlenmeyer flask and is 
followed by 1.0 cc. of 20 per cent neutral lead acetate solution. To the 
flask is added, with swirling, 1.0 cc. of 0.75 n NaOH solution; the flask is 
stoppered and shaken, and let stand 5 minutes. The precipitate is removed 
by pouring into a dry filter paper (Schleicher and Schull, 7 cm.; a larger 
paper absorbs too much to obtain the 24 cc. of filtrate needed for the ne.vt 
precipitation). In a 25 cc. volumetric flask is placed 1.0 cc. of 2.10 it 
phosphate buffer, pH 6.7, and the flask is filled to the mark with the filtrate 
from the lead precipitation. This serves to adjust the solution to 
proximately pH C.5 or a little higher, and practically all e.vcess lead is 
precipitated as the insoluble phosphate. The precipitated lead phosphate 
is removed by filtration through a dry filter paper. A 5 cc. aliquot portion 
of this final filtrate is pipetted into each of four all-glass reaction vessels fo? 
the carboxyl nitrogen determination, and to each is then added 1 drop o 
0.4 per cent brom-cresol purple indicator, a drop of octyl alcohol, an 


three alundum beads. 

Dclcrminaiion of Carboxyl Nitrogen, Induding the a-Nilrogcn 
famine— The contents of one pair of reaction vessels are then ® 

faint red-brown color (pH approximately 4.7) with 4.5 N ^ 

3 drops) added dropwiso. Tlie reaction is then brought to pH . • > 

by adding 0.1 cc. of 3 m acetate buffer, pH4.7. These two ve^ek are then 
heated over the free flame of a micro burner for exactly 1.5 mmutes 
off CO: that is present, or that may be formed from 
100” and pH 4.7. The reaction vessel is then cooW 
water for 2 mmutes, and a 2nd drop of octyl alcohol is 
heating time is used in order to minimize conversion of gra 

the 2 minute cooling period is ended, 
nedingtube is slipped over the side arm, 200 mg. (two 100 mg. spoo 
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of ninhydrin are dropped into the cold solution, the greased stopper is set 
in place, and the vessel is evacuated 30 seconds at a good water pump. 
The stopper is closed and the rubber connecting tube on the side arm closed 
vdth a glass plug, according to the technique described on p. 238 of the 
paper by Hamilton and Van Slyke (2). The vessels are immersed com- 
pletely in the 100° bath for exactly 4 minutes to complete the reaction of 
a-amino acids with ninhydrin. 

Determination, o/ Carboxyl Nitrogen Minus That of Glutamine — ^The 
second pair of vessels, the solutions in which have also been adjusted to 
pH 6:5, is evacuated at the wafer pump till the pressure is reduced below 
25 nun ., the stopper of each is closed, and the connecting rubber tube on 
the side arm plugged. The vessels are then immersed in the 100° bath for 
90 minutes to convert glutamine to p3rrrolidonecarboxylic acid. They are 
then removed, cooled, and opened, and their contents are adjusted to pH 
4.7 as described for the preceding pair of tubes. The preformed CO2 is 
removed, 200 mg. of ninhydrin are added, and the reaction vessels immersed 
for 4 minutes in the 100° bath, all as directed for the first two reaction vessels. 

Determination of COi — ^The CO2 evolved in each vessel by the reaction of 
ninhydrin with a-amino acids is measured manometrically as described on 
pp. 238-239 of the paper by Hamilton and Van Slyke (2). 

Determination of the c Correction — ^For these determinations a simulated 
plasma filtrate is prepared by adding 11 cc. of 0.10 N NaOH to 50 cc. of 
1 per cent picric acid and the volume is then made to 100 cc. with water; 
the pH of the solution is 2.0 ± 0.1. Portions of this simulated filtrate are 
treated with neutral lead acetate and phosphate buffer, exactly as for true 
plasma filtrates, to give a “blank” filtrate. 

The c correction is the pi — P 2 value obtained by analysis of the simula- 
ted plasma filtrate. The greater part of the c correction, 20 to 25 mm. of 
CO2 pressure measured at 0.5 cc. volume, is due to carbonate in the 0.5 n 
NaOH used as a reagent in the carboxyl nitrogen determination, but 2 to 5 
additional mm. are added by the other reagents.’ The c correction is the 
same for unheated and heated samples of both plasma and tissue filtrates. 

Calculations — ^The pressure, Pcou of CO2 from the amino acid carboxyl 
groups for both unheated and heated samples is calculated as: 


PcOi = Pi — Pj — c 

The carboxyl nitrogen is calculated as: 

Mg. carhoxyl nitrogen per 100 cc. plasma = PcOt X factor X V 


’ Some lots of ninhydrin give no blank; others, for reasons not clearly understood, 
do give a small blank value. A blank value from ninhydrin is also more pronounced 
in picrate-phosphate solution at pH 4.7 than for other conditions of analysis previ- 
ously described (1). 
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The values for the factors are given in Column 1, Table I. Pcft, when 
multiplied by these factora, gives mg. of carboxyl nitrogen per sample 
analyzed. V is the cc. of filtrate analyzed equivalent to 100 cc. of plasma 
and converts mg. of carboxyl nitrogen per sample analyzed to mg. of 
carboxyl nitrogen per 100 cc. of plasma. For plasma V = 135.0, when the 
preparation of plasma filtrates is as described. For ease in calculating 
results the value of factor X F is given in Column 2, Table I. 

If the mg. of carboxyl nitrogen per 100 cc. of plasma determined in the 
unheated filtrate (glutamine carboxyl N included) are designated as A^, 
and mg. of earbo.xyl nitrogen per 100 cc. of plasma for the filtrates heated 
90 minutes (glutamine carboxyl N removed) are designated as jdm, the mg, 
of glutamine carboxyl nitrogen are calculated as 

il/ff. glutamine carboxyl nitrogen per tOOcc. plasma = (Ad - A,d) X 1.095 

The factor 1.095 is an experimentally determined correction factor b.'ised 
on analysis of pure glutamine under identical analytical conditions. The 
^determination of this factor is discussed in a later part of this paper. 


Determination of Glutamine in Tissues 


Handling of Tissues — Organ tissues are obtained from a freshly killed 
animal and are either worked up at once or are rapidly frozen by packing 
them in solid COj. They are stored in a box cooled below —40° with 
solid CO 2 until analyzed. Tissues have been stored packed in solid COj 
for 2 to 3 months without change in glutamine content. 

Preparation of Filtrate — ^The tissue to be analyzed is stripped of visible 
fat and connective tissue and passed twice through an ordinary meat 
mincer. It is unnecessary to decompose urea as in plasma, provided the 
urea is not elevated above normal values. A 20.0 gm. portion of the minced 
tissue is placed in a Waring blendor charged with 10 cc. of I per cent picric 
acid for each gm. of tissue other than brain. A more dilute filtrate of 
brain tissue is desirable, and 15 cc. of 1 per cent picric acid per gm. of tissue 
are used. It has been found that, if a more concentrated filtrate of brain 
tissue is used, loss of glutamine occurs when the filtrate is treated with lea 


acetate in the next step of the analysis. 

5 minutes “blending" with the picric acid solution suffice to mince a 0 


the lumps of tissue and to precipitate the proteins.. 

Each tissue suspension is divided equally between two 250 cc. “8® 
cups and is centrifuged for 10 minutes at 2000 r.p.m. The ® 

filtered through drj' filter paper. Most organ tissue treated m is ' 
give clear filtrates, but brain, liver, and gastrointestmal tract P''® ® 
filtrates. Tills cloudiness is removed by the n®xytep in tj'® P 
Removal of Glulatkione and Ascorbic Acid mth Neuiral ^ad 
20 cc portion of the picric acid filtrate is pipetted mto a 25 cc. vo 
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Table I 

Factors by Which Pco~ Is Multiplied to Obtain Mg. of Carboxyl Nitrogen per Sample of 
Filtrate Analyzed, and Mg. of Carboxyl Nitrogen per 100 Cc. of Plasma, per 100 Gm. 
of Tissue (Except Brain Tissue), and per 100 Gm. of Brain Tissue 
The 5 cc. portion of filtrate analyzed represents 0.724 cc. of plasma, 0.291 gm. of 
tissue (except brain), and 0.200 gm. of brain tissue. 

S = 3.00 and a = 0.5 (i = 1.006) in all analyses, with reagents made up in 25 per 
cent NaCl solution as described by MacFadyen (18) . 


Temperature 

Sample aualyaed 
(1) 

Plasma 
, W 

Tissue (except 
> brain) 

, U) 

1 

Brain 

(4) 

15 

0.0001020 

0.0543 

0.1383 

0.2010 

16 

04 

1 41 

77 

02 

17 

0.0003987 

i 38 

t 72 

0.1994 

18 

70 

36 

66 

85 

19 

1 54 

34 

60 

77 

20 

; 38 

32 

55 

69 

21 

1 22 

29 

49 I 

61 

22 

06 

27 

44 1 

53 

23 

0.0003890 

25 

38 

45 

24 

75 

23 

S3 

38 

25 

61 

21 

28 

30 

26 1 

46 

19 

23 

23 

27 I 

31 

17 

18 

16 

28 

16 

15 

13 ' 

08 

29 

02 

13 

08 

01 

30 

0.0003787 

11 

03 

0.1894 

31 

72 

09 

0.1298 

86 

32 

58 

07 1 

93 

79 

33 

45 

06 j 

88 j 

72 

34 

31 

(H ‘ 

1 

83 

66 

35 

17 

1 

02 

79 

58 


If excessive amounts of carboxyl nitrogen are encountered which necessitate meas- 
uring the evolved COi at 2.00 cc. volume, the factors in the column under a = 2.000 in 
Table I of the paper by MacFadyen are used to multiply Pco, to obtain mg. of car- 
boxyl nitrogen per sample analyzed. The mg. of carboxyl nitrogen per sample 
analyzed, multiplied by 135.0, gives mg. of carboxyl nitrogen per 100 cc. plasma, by 
344, gives mg. of carboxyl nitrogen per 100 gm. of tissue (except brain) , and by 500, 
gives mg. of carboxyl nitrogen per 100 gm. of brain. 

flask, followed by 1 cc. of 20 per cent neutral lead acetate solution. Then 
1.0 cc. of 0.75 N NaOH is added, a drop at a time with mixing of the flask 
contents after each addition. The mixture is made to volume with water. 
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let stand 10 minutes, and is then transferred to a centrifuge tube, and the 
precipitate is either centrifuged or filtered on a dry filter paper. To a 20 cc. 
portion of this filtrate, in a 25 cc. volumetric flask, is added 1 cc. of the 
2.10 M phosphate buffer solution of pH 6.7, and the solution is made to 
volume with water. The precipitated lead phosphate is throvn dmvn by 
centrifugation and the centrifugate filtered through a dry filter paper. 

Detennimtion of Glutamine and Total Carboxyl Nitrogen — In each of four 
all-glass reaction vessels for carbox 3 d nitrogen are placed 5 cc. of the final 
filtrate and to each is added 0. 1 cc. of 0.2 n potassium iodate solution. This 
serves to convert any trace of glutathione that may have escaped pre- 
cipitation by the lead to the oxidized (disulfide) form in which its carboxyl 
nitrogen is much more stable during the subsequent heating at 100°. The 
i4o and carboxyl nitrogen values are determined as for plasma. 

Caicidations — ^As in analysis of plasma filtrates, the Pco, COj from 
the amino acid carboxyl groups of the unheated and heated samples is 
ealculated as 


j Pco, <= Pi - p» - c 

The determination of the c correction is the same as that for plasma. The 
carboxyl nitrogen is calculated as 


Mg. carboxyl nitrogen per 100 gm. tissue = PcOi X factor X V 

The values for the factors are given in Column 1, Table I. P coo 
multiplied by these factors, gives mg. of carboxyl nitrogen per sample of 
filtrate analyzed. F is the cc. of filtrate analyzed equivalent to 100 gm. of 
tissue. If brain tissue is analyzed, V = 500; for all other tissues F = 344. 
In calculating the value of F, it is assumed for practical purposes that 1 gm. 
of tissue occupies 1 cc. volume. For ease in calculating results, the values 
of factor X F, for tissue (e,xcept brain) and for brain tissue, are given m 
Columns 3 and 4, Table I. j • i 

The glutamine carboxyl nitrogen content of the tissue analyzed is ca - 
culated as 

Mg. glutamine carboxyl nitrogen per too gm. tissue — (Ao — Ajo) X 1-093 

The factor 1.095 corrects for losses of glutamine carboxyl nitrogen that 
occur imder the conditions of analysis. Its determination is iscusse 

later in the paper. . . , . 

No investigation has been carried out on tissues of aimnals wan 

than normal urea content. /->„ 7 ;-__The 

Determination of Glutamine in Whole Blood and Red „pthods 

determination of glutamine in whole blood or red blood cells by e 
described for tissues is impracticable because of the 5- 
that occurs during the removal of blood proteins and gm 
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difference in carboxyl nitrogen between the Ao and analyses is too 
small to measure with a suflBcient degree of accuracy. A few trial analyses 
indicate that the glutamine concentration per 100 cc. of red blood cells 
(human) is about the same as the value per 100 cc. of plasma from the 
same blood sample. 


EXPERIMENTAL 

Reaction of Glutamine^ with Ninhydrin — Because of the rapidity with 
which glutamine undergoes ring closure by the elimination of ammonia to 
form pyrrolidonecarboxylic acid, especially at 100° in aqueous solution, the 
yield of carboxyl nitrogen obtained by heating with ninhydrin is always 
less than the calculated theoretical yield of 1 gm. atom per mole; a small 
proportion of the glutamine changes to pyrrolidonecarbo.xylic acid before 
there is time for complete reaction with ninhydrin, and is thus prevented 
from reacting with ninhydrin. In acetate-buffered solutions of pH 4.7, 
with acetate concentrations 0.01, 0.1, and 0.5 m respectively, the yield of 
carboxyl nitrogen obtained from glutamine heated with ninhydrin was 
0.995, 0.995, and 0.983 gm. atoms respectively per mole of glutamine. -In 
phosphate solutions of the same molar concentration and pH, the yield of 
carboxyl nitrogen was 0.995, 0.983, and 0.962 gm. atoms per mole respec- 
tively. In 0.1 M citrate or lactate of pH 4.7 the yield was 0.983 gm. atom 
per mole. The yield of carboxyl nitrogen in buffered solutions was not 
altered by the addition of picrate ion in the concentration encountered in 
plasma and tissue filtrates. The effects of acetate, phosphate, citrate, and 
lactate solutions on the speed of ring closure of glutamine are discussed in 
later sections of this paper. 

If the ninhydrin reaction is carried out in solutions more acid than pH 
4.7, the yield of carboxyl nitrogen is reduced below the values noted above 
because of more rapid ring closure of glutamine; larger fractions of the 
glutamine undergo ring closure before reaction with ninhydrin occurs. 
For example, at pH 2.0 in 0.5 per cent picric acid solution the carbox 3 ’-l 
nitrogen yield is 0.962 gm. atom per mole of glutamine, as compared with 
0.995 gm. atom in 0.5 per cent picric acid plus NaOH and acetate buffer 
to bring the pH to 4.7. 

The preliminary heating over the free flame of a micro burnerfor 1.5 min- 
utes to remove preformed CO 2 causes sufficient conversion of glutamine to 
pjTrolidonecarboxylic acid to decrease measurably the glutamine carboxyl 
nitrogen, the magnitude of the decrease depending on the nature and 
concentration of buffer in the solution. Under the conditions outlined for 

f The gift of a generous sample of glutamine from Dr. G. \V. Pucher and Dr. H. B. 
Vickery of the Connecticut Agricultural Experiment Station, New Haven, is grate- 
fully acknowledged. ’ 
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analysis of plasma and tissue filtrates, the loss is 5 per cent if the solution 
is heated 1.5 minutes to remove preformed COj and cooled immediately 
thereafter in ice water. 

For any given set of conditions, consecutive analytical values for carboxyl 
nitrogen usually differ by less than ±1 per cent. The following experi- 
ments are illustrative. 

A 10 mg. sample of glutamine was dissolved in 100 cc. of an aqueous solution of 
0.5 per cent picric-acid (previously adjusted to pH 2.0 by the addition ofNaOH to 
simulate plasma filtrates with respect to picric acid concentration and pH) and 5 cc. 
portions of this solution were placed in each of six all-glass reaction vessels. The 
contents of the vessels were adjusted to pH 4.7, and then phosphate was added to 
give the same concentration as was found in the Ao analyses described for the de- 
termination of glutamine in picric acid filtrates. Preformed COi was removed by 
evacuation of the vessels at the water pump, 200 mg. of ninhydrin were added, and 
the vessels were placed in the 100° bath for exactly 4 minutes. The analytical values 
obtained were 0.990, 0.974, 0.986, 0.981, 0.984, and 0.9S7, average 0.984, gm. atoms of 
carboxyl nitrogen per mote of glutamine. In two other series of anah'ses, preformed 
COj was removed by 1 .5 minutes heating over the free flame of a micro burner. The 
analytical values were 0.929, 0.939, 0.937, 0.937, 0.938, 0.921 gm. atoms of carbo.\yI 
itrogen per mole of glutamine and 0,909, 0.931, 0.916, 0.939, 0.931, 0.932 gm. atoms 
.per mole respectively, giving an average yield of 0.930 gm. atom per mole for these 
■j twelve analyses. 

Conditions for Maximal Formation of Pyrrolidonccarhoxylic Acid from 
Ghitamine at pH 6.5 — Although the ammonia formed on ring closure of 
glutamine is 1 mole per mole, the maximal yield of pyrrolidoneoarboxylic 
acid, as measured by the disappearance of carboxyl nitrogen, was found to 
be 0.99 mole per mole because 1 per cent of the product is glutamic acid and 
99 per cent pyrrolidonecarboxylic acid. Under the conditions of the ana- 
lysis, after all of the glutamine amide nitrogen is split off as ammonia, the 
equilibrium appears to be reached Avhen pyrrolidonecarboxylic acid and 
glutamic acid are present in the ratio 100:1. 

This was shown by the following experiment; 5 cc. portions of 0.01 per cent glu- 
tamine solution inO.5 per cent picric acid, pH 2.0, were placed in five all-glass reaction 
vessels and adjusted to pH 6.5 with 0.105 at final concentration of phosphate bu er. 
The vessels were partially evacuated and immersed in the 100° bath for 90 nunutes. 
After removing them from the bath, the contents were at once cooled and adjus e 
to pH 4.7 and the analysis was carried out exactly as for those samples in the previous 
experiment. The carbo.xyl nitrogen was 0.01, 0.01, 0.01, 0.01, audO.Ol gm. n 
mole of original glutamine. Aliquot samples of the same solution heated m c 
bath for 120 minutes gave no further decrease in carboxyl nitrogen, dm cou 
residual carboxyl nitrogen be reduced below 0.01 gm. atom per mole by euec 1“® 
closure at other pH values, in other buffer concentrations, or in ether buffer mix 

In buffered solutions of pH 6.5 of 0.08 m phosphate concentration, the 
residual carboxyl nitrogen is slightly but definitely higher: the average 
forty-six separate determinations was 0.016 gm. atom per moe. 
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On heating glutamine at 100° in solutions of pH 3 in acetate or phosphate 
solutions of 0.008, 0.08, and 0.4 m concentration, the residual carboxyl 
nitrogen was 0.03 to 0.05 gm. atom per mole of original glutamine. At 
pH 6.5 the residual carboxyl nitrogen was 0.02 to 0.03 gm. atom per mole in 
acetate solutions of the same molar concentration and 0.01 to 0.02 gm. atom 
per mole in phosphate solutions. These results are in keeping with the 
findings of Wilson and Cannan (19), who showed that glutamic acid and 
pyrrolidonecarboxylic acid form a reversible S 3 'stem whose equilibrium 
constant is governed by the pH of the solution. At pH 6.5 the equilibrium 
yields nearly complete pyrrolidonecarboxylic acid formation. At pH 3 



Fig. 1. Ring closure of glutamine at pH 6.5 

the proportion of glutamic acid is increased and the proportion of pyr- 
rolidonecarboxylic acid decreased. 

Conditions Which Influence Duration of Heating Glutamine Solutions at 
100° Required to Give Minimal Carboxyl Nitrogen, Values — The time nec- 
essary to heat glutamine solutions to obtain maximal conversion to 
pjTTolidonecarboxjdic acid depends on the choice of buffer selected, its 
concentration, the pH, and the temperature. 

In Fig. 1 the time necessarj' to heat glutamine in aqueous solutions of 
pH 6.5 at 100° to give minimal carboxjd nitrogen values (f.e., maximal 
formation of pjTrolidonecarboxylic acid) is plotted against molar concentra- 
tions of the solution. It is seen that at constant pH of G.5 for all molar 
concentrations of phosphate investigated the time of heating necessarj' for 
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maximal formation of pjTrolidonecarboxj'lic acid is veiy much less than 
in solutions of lactate, citrate, or acetate of the same molar concentration 
and pH. 

The curves in Fig. 1 were obtained by heating glutamine in solutions adjusted to 
pH 6.5 in the molar concentrations shown. Each curve was obtmned by heating 
aliquot samples of glutamine in all-glass reaction vessels at 100° forO.6, 1, 2,3, 5, and 
7 hours. After they were removed from the bath and cooled, a drop of brom-cresol 
purple indicator was added, followed by 1 n HCl, until the solution became a Wnt 
brown color (approximately pH 4.7). Acetate buffer (0.1 cc. of 3 ii) was added to 


cn 



Fig. 2. King closure of glutamine heated at O.OS m phosphate buffer at 100 for 30, 
60, 90, and 150 minutes 


bring the solution to pH 4.7 ± 0.1. Preformed CO< was removed by prehminarj 
heating over the free flame of a micro burner for exactly 1.5 minutes. On 
200 mg. of ninhydiin were added and the carboxyl nitrogen was determine^ ■fallv 
residual carboxyl nitrogen, computed as a per cent of the carboxyl nitrogen im 
present in the solution, was plotted against the time of heating and a smoo cu 
drawn through the points and the time necessary to heat at 100 to ob am nu 
values for carboxyl nitrogen read from the cuive. 


In Fig. 2 the percentage of theoretical carboxj’l nitrogen that ^ 

after heating glutamine solutions for 30, 60, 90, and 150 minutes a 
is plotted against the pH of the solution; the effect in 0.08 M p osp 
compared with that in O.OS M acetate. Ring closure is slowest 
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phosphate solutions when the pH is 4,7 and is faster for values that are 
more acid or more alkaline than 4.7. In acetate solution, ring closure is 
slower than in phosphate solution, and the curve for 30 minutes heating, 
which is representative of the behavior in acetate, shows no acceleration of 
ring closure as the pH increases above 4.7. 

The differences noted for the speed of ring closure of glutamine in ace- 
tate, citrate, or lactate solutions of pH 6.5, as compared with the speed of 
ring closure in phosphate solutions of the same pH and molar concentration, 
serve to emphasize that the behavior of glutarrune when heated in aqueous 
solution is dependent not only upon the time, temperature, and hydrogen 



Fig. 3. Ring closure of glutamine at pH 6.5 

ion concfentration but also the concentration and kind of buffer constituents 
of the solution. For example, to change from one buffer system without 
phosphate to one containing phosphate will markedly alter the time nec- 
essary to heat glutamine in solution to obtain maximal ring closure. 

Fig. 3 shows the data of Fig. 1, plotted against ionic strength of the 
solutions ft, as abscissae. It is seen that the difference in speed of ring 
closure is also independent of the ionic strength of the solutions. The 
results indicate that, at least at pH 6,5, ring closure is more rapid in the 
presence of phosphate than of acetate, citrate, or lactate buffers, when they 
are in either the same molar concentration or the same ionic strength as the 
phosphate. 
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Eiect of Tcmfcralxirc on Speed of Formation of PyrTolidonccarhoiyUc 
Add from Glutamine — Glutamine in solutions of 0.5 per cent picric acid, 
pH 2, loses 8 to 10 per cent of its carbo.Kjri nitrogen per 24 hours when kept 
at 25°. llTien similar solutions are stored at 4°, the loss of carbo.\yl 
nitrogen is about 0.5 to 0.8 per cent per 24 hours. l^Oien working wth 
plasma or tissue filtrates containing glutamine, it is therefore desirable to 
analyze them for carboxyl nitrogen at once. 

Determination of Empirieal Correction Factor for Glutamine Analysis—The 
yield of glutamine carboxyl nitrogen has been shown to be 0.930 gm. atom 
per mole of glutamine when preformed CO* is removed by 1.5 minutes 
heating over the free flame of a micro burner, and the reaction with nin- 
hydrin is carried out at pH 4.7 in 0.08 it phosphate concentration. The 
residual carboxyl nitrogen, after glutamine is heated in solution of pH 6.5 
and O.OS .m phosphate concentration for 90 minutes at 100°, has been shotrn 
to be O.OIG gm. atom per mole of glutamine. The difference, 0.930—0.016 
= 0.914 gm. atom, is the loss of carboxyl nitrogen equivalent to 1 mole of 
glutamine when solutions are analyzed before and after heatmg under these 
conditions. To correct for losses ol glutamine carbo.xyl nitrogen when 
determined by the described procedure, the analytical values are ac- 
cordingly multiplied by 1/0.914 or 1.095. 

Non-Intcrfcrcncc by Glutamic Add and Asparagine — Not only glutamine 
but also glutamic acid undergoes anhydride formation with conversion to 
pyrrolidonecarbo.\ylic acid. However, the rate of ring formation from 
glutamic acid is so slow under the conditions used in the analysis of glu- 
tamine that less than 0.1 per cent of the glutamic acid is converted during 
the 90 minute heating period. 

Asparagine, if present, will introduce no significant error because its acid 
amide group is hydrolyzed to less than 0.1 per cent under the conditions of 
the analysis. 

Non-hxtcrfcrcncc of Other Components of Plama and Tissue Filtrates, 
Other Than Ghdathionc, Ascorbic Acid, or Urea — Plasma and tissue filtrates, 
free of urea, glutathione, and ascorbic acid, were hydrolj-zed for 5 mmutes 
with 2 N hydrochloric acid at 100° to convert all glutamine to ammonia an 
glutamic acid. Excess hydrochloric acid was removed by vacuum is > 
lation, and the diy residue taken up in distilled water and made ^ 
original volume. 5 cc. aliquot portions of this solution were ana ym or 
carboxyl nitrogen before and after heating for 90 minutes as desen o 
plasma filtrates. The carboxyl nitrogen values for unheated ^ 
samples of plasma filtrate prepared in this maimer were 5,9S 
per 100 cc. respectively. A 
with the exception that urea 
carboxyl nitrogen per 100 gm 


art muscle nitrate, aiso prepnic^ 1 

s not removed, gave 26.25 and 26.18 ° 

■ fr.,. unheated and heated samples 
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respectively; the small difference noted here may be attributable to the 
presence of the urea in the filtrate. 

The addition of glucose or pyruvic acid has shnilarl}’^ no demonstrable 
effect on the carbox}''! nitrogen values of the imheated and heated samples. 

Very labile non-specific sources of CO 2 such as acetoacetic acid, bicar- 
bonate-C02, and CO 2 in solution, are eliminated by the preliminarj^ heating 
for 1.5 minutes over the free flame of a micro burner, before reaction with 
ninhydrin is carried out (1). 

Interference of Glutathione, Ascorbic Acid, and Urea — Since glutamic acid 
is linked through its 5-carboxyl group to the a-amino group of cysteine in 
glutathione, the — CHfN'Ho) ■ COOH group of the glutamic acid is free and 
reacts on heating in aqueous solution with ninhydrin with the evolution of 
CO 2 equivalent to 1 atom of carboxyl nitrogen per mole of the peptide (1). 

It is kno^vn that glutathione breaks down spontaneously in aqueous 
solution at neutral pH with the liberation of its glutamic acid moiety as 
pyrrolidonecarboxylic acid. Heating reduced glutathione in 0.08 M phos- 
phate buffer at pH 6.5 for 90 minutes at 100° causes a loss of 47 per cent of 
its carboxjd nitrogen, presumably due to the formation of pyrrolidone- 
carboxylic acid. On the other hand, heating oxidized glutathione with the 
SH — group in the disulfide — S — S — form causes a loss of onlj-- 8 per cent 
of its carboxyl nitrogen under similar conditions. The explanation of this 
finding is being further investigated. 

It was found that 90 per cent of reduced glutathione, in the concentra- 
tions encountered in tissue filtrates, is precipitated from deproteinized 
picric acid filtrates at pH 6.5 bj’' neutral lead acetate. It was also foimd 
that potassium iodate rapidly oxidizes glutathione in picric acid filtrates, at 
room temperature, and the presence of potassium iodate does not interfere 
with the subsequent reaction of amino acids with ninhydrin. Accordingly, 
when most of the glutathione is removed from tissue filtrates by precipi- 
tation with neutral lead acetate and the glutathione remaining after the 
precipitation with lead acetate is oxidized b}”^ the addition of 0.2 n potas- 
sium iodate, glutathione is eliminated as a source of significant analytical 
error. 

Since there is little Or no glutathione in plasma (Dohan and lYoodward 
(20)), potassium iodate is omitted in the analjdical procedure for plasma 
filtrates. 

Ascorbic acid reacts with ninhydrin and, under the conditions for the 
determination of carboxjd nitrogen in plasma and tissue filtrates, evolves 
approximatelj' 0.5 mole of CO 2 per mole of ascorbic acid. If ascorbic acid 
is heated at 100° for 90 minutes at pH 6.5 in 0.08 xi phosphate and 0.5 per 
cent picric acid solution, and then submitted to the ninhj'drin analj’sis, 
onlj' 0.02 mole of CO 2 is evolved per mole of ascorbic acid. Its presence 
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will therefore increase the apparent glutamine by 0.48 mole per mole of 
ascorbic acid. Ascorbic acid is almost quantitatively precipitated (96 to 
98 per cent) from solution by neutral lead acetate at pH 6.5. The residual 
ascorbic acid gives rise to negligible errors in the analysis of the filtrates, 
The single treatment with lead acetate thus serves to remove both glu- 
tathione and ascorbic acid practically quantitatively from picric acid 
filtrates. 

Urea, unless removed from plasma filtrates, introduces a small positive 
error in the carboxyl nitrogen determinations. As previously shown (1, 2), 
a small fraction of the urea is h}rirol 5 ’-zed with the evolution of COj when the 
filtrate is heated at 100° during the course of reaction of amino acids with 
ninhydrin . This non-specific CO 2 is measured along with COj evolved from 
reaction of amino acids with ninhydrin. In tissue analyses the effect of 
urea is so slight that it falls within the limits of error of the glutamine 
method. In plasma, however, the concentration of glutamine is much 
smaller, and consequently the ratio of urea to glutamine is higher than in 
tissues. The elimination of urea from plasma by preliminary' treatment 
with urease is accordingly advisable. 

Dekrmimiion of Glutamine Added to Plasma and Tissues— -In Table II 
is shown the determination by methods described in this paper of glutamine 
carboxyl nitrogen added to human and dog plasma and to dog tissues. 
In all cases the recovery' of added glutamine is within ±1 per cent. Table 
II also serv'es to indicate glutamine carbo.xyl nitrogen values encountered 
in human and dog plasmas (Column 6). TTie glutamine carboxyl nitrogen 
values of the various tissues (Column 6) are also representative of these 
tissues. A more detailed comparison of glutamine values in plasma and 
tissues is resen'cd for another paper (21 ). 


DISCUSSION 

Examination of the data in Table I of the paper by' Vickery' et al.(lO) 
reveals that for solutions of pH 5.0, 5.3, 5.5, and 5.7 the per cent of gluta- 
mine remaining in solution after 2 and 3 hours at 100° plotted logarithmi- 
cally' against time of heating the solutions y'ields points that lie on straig t 
lines, indicating that the conversion of glutamine to py'rrolidonecarboxy ic 
acid follows the pattern of a monomolecular reaction. E-xtrapolation 0 
the time necessary to heat glutamine at 100° to get 98 to 99 per cent con 
version shows that at pH 5.0, 5.3, 5.5, and 5.7 it would take 6 hours or 
longer. At these pH values a succinic acid-borax buffer w'as emp oye ■ 
At pH 6.0 and higher, when a dihydrogen phosphate-borax buffer was use , 
the time necessaiy to heat at 100° to get 98 to 99 per cent ring closure was 
2 hours at most, thereby demonstrating that at pH 6.0 ring closure w a 
times as fast as at pH 5.7. It seems probable that the ^ 

non-phosphate to a phosphate buffer, rather than the 0.3 change m p . 
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responsible for the greater part of this 3-fold increase in the rate of ring 
closure. 


Table II 

Determination of Glutamine Carboxyl Nitrogen Added to Human and Dog Plasma 

and Dog Tissues 


Glut^Imne added to 

Plasma or tissue + 
glutamine 

Plasma or tissue 

! Increase 
in glu- 
tamine 
car- 
boxyl N 
found 

Gluta- 
mine 
car- 
boxyl N 
added 

Per 

cent 

re- 

covery 

Total car- 
boxyl N 

Glutamine 
car- 
boxyl N 

Total car- 
boxyl N 

Glutamine 

car- 

1 boxyi N* 

Aq 

(1) 

Ata 

. (2) 

>4fl— ^loX 
1.095 

(a)“(2)) 

X 1.095 
(3) 

At 

(4) 

Att 

: (5) 

At^Att X 
I.09S 
((4)-(S)) 
X 1.095 

(6) 

(7) 

(8) 

(7)/(8> 
X JOO 

(«) 


pit. per 

mg. per 

1 mg. per 

mg. per 

I mt. per 

mg. per 

mg. per 

mg. per 



mTiTiwZm 

100 cc. 


WhhwT^ 


JOO ec. 

JOO cc. 

JOO cc. 


Plasma 1, human. 



1 


1 





fasting 

14.48, 

2.47 

13.15 

KiR^ 

2.52, 

0.62 

12.53 

12.52 

100.1 

Plasma 2, human, 










lyophilized 

Emin 



5.44 


0.70 

12.36 

12.41 

99.6 

Plasma 3, human. 

1 




1 





non-fasting 

17.65 

4.28 

14.64 

5.19 

4.11 

1.18 

13.46 

13.59 

99,1 

Plasma 4, human. 








1 


non-fasting 

18.38 

4.86 

14.65 

5.64 

4.61 

1.13 

13.51 

13.56 

99.6 

Plasma 5, human, 










lyophilized 


S.06| 

11.32 

5.52 


0.79 

10.53 

10.55 

99.8 

Plasma, dog, 


1 



1 

1 

1 




fasting 

19.28 

6.20 

14.32 

7.14 

5.95 

1.29 

13.03 

13.16 

99.0 



4.26 


5.26 


1.32 

13.75 

13.78 

99.8 


mg. Per 

mg. Per 

mg. per 

mg. per , 

mjf. per 

mg. per , 

mg. per 

1 

mg. per \ 



100 gm. 

too gm. 

miuMiM 

JOO gm. 1 






Heart muscle. 










dog, normal 

57 A 

19.4 

41.6 

34.5 

18.6 

17.3 

24.3 

24.5 

99.2 

Kidriey, dog, nor- 










mal 

54.3 

17.7 


15.1 

14.3 


39.2 

39.6 

99.0 

Liver, dog, anoxic. 

35.7 

14.1 

23.6 

13.2 

12.2 

1.1 

22.5 

22.4 

100.5 

Brain, dog, nor- 










malf 

57.9 

23.3 

34.6 

25.0 

21.0 

4.0 

33.5 

33.5 

100.0 


• F actor of 1.095 to correct for losses of glutamine carboxyl nitrogen ; for explana- 
tion see the text. 

t Brain proteins precipitated by 1 gm. of tissue plus 15 cc. of 1 per cent picric acid ; 
1 gm. of tissue plus 10 cc. of 1 per cent picric acid for all other tissues. 

It is also of some interest to note that, though the isoelectric point of 
glutamine tvas found by Melville and Richardson (22) to be 5.65, the point 
of maximal stability of glutamine in phosphate solutions was found to be 
verj' close to pH 5.0, while in acetate solutions the stability wa.s maximal at 
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pH 5.0 and undiminished at pH 7.0. This shows that other factors than 
proximity to the isoelectric point of glutamine are concerned nith its 
stability. 

Observations have also been made in the literature on the stability of 
glutamine in the preparation of bacteriological media for the growth of 
organisms that require glutamine as an essential nutrient factor. McHwaia 
(23) observ'ed that one medium containing agar was able to withstand 
autoclaving at 120° for 20 minutes, -while in peptone infusion ilot containing 
agar some destruction of glutamine occurred. In view of the rapid de- 
struction of glutamine at neutral pH in the presence of low concentrations of 
phosphate as well as the markedly increased rate of destruction of glutamine 
with increasing concentrations of phosphate, reported in this paper, a 
possible explanation of these obsenmtions lies in the presence and con- 
centration of phosphate rather than in the presence or absence of agar; 
difference in pH of the media (not given in Mcllwam’s paper (23)) could 
also account for the difference noted. The possible protecting action of 
agar has not been explored in this study, but plasma proteins have not been 
found to exert any protecting influence on the breakdown of glutar^e. 

The present method for the determination of glutamine distinguishes 
clearly between glutamine and its next lower homologue, asparagine; higher 
homologues are not available for investigation. E.\cept for glutathione, 
which might be considered a 5-N-substituted derivative of glutamine, no 
S-N-substituted derivatives of glutamine have been available for study. 
In consequence no prediction can be made as to whether the method inU 
distinguish between glutamine and, for example, 6-N-formyl glutamine 
which, as judged by the behaidor of glutamine and glutathione, vou 
probably e.xhibit the property of ring closure with consequent loss o 
carbo.xyl nitrogen. 

It is a privilege to acknowledge the author’s indebtedness to Di. D. D- 
Van Slyke for constant help and encouragement through the course 
of this work. Constant collaboration with Dr. R. M. Archibald ^ een 
not only profitable but a great pleasure, and the author’s hide te ness 
him also is freely acknowledged. 


SUMMARY 

1. Glutamine is estimated from the decrease in carboxyl nitrog® 
by heating at 100° for 90 minutes at pH 6.5. The glutamme ^ ® “ 
ammonia and pyrrolidonecarboxylic acid, with disappearance ° 
boxyl nitrogen. The carboxyl nitrogen is determined by i 
CO 2 method of Van Slyke, Dillon, MacFadyen, and Hamilton 
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2. Ammonia, glucose, pyruvic acid, acetoacetic acid, pyrrolidonecar- 
boxylic acid, asparagine, glutamic acid, or other free a-amino acids do not 
interfere in the determination of glutamine. Glutathione, ascorbic acid, 
and urea do interfere in the analysis for glutamine, but the two former are 
removed by a single precipitation with neutral lead acetate at pH 6.5, while 
the latter is decomposed by the action of urease. 

3. Glutamine carboxyl nitrogen in plasma and tissues can be determined 
to within 0.05 mg. of carboxyl nitrogen per 100 cc. of plasma or per 100 gm. 
of tissue (wet weight). The total carboxyl nitrogen of the picric acid 
filtrate after treatment with lead acetate is determined at the same time. 

4. The effects of pH, temperature, type and molar concentration of buffer 
solution on the reaction of glutamine udth ninhydrin have been investigated. 
Also the time necessary to heat glutamine in solutions of phosphate, citrate, 
lactate, and acetate at pH 6.5 at 100° to obtain maximal formation of pyr- 
rolidonecarboxylic acid has been determined. Ring closure at pH 6.5 is 
faster in phosphate solutions than in citrate, acetate, or lactate solutions 
of the same molar concentration. 
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GLUTAMINE: A MAJOR CONSTITUENT OP FREE a-MHNO 
ACIDS IN ANIMAL TISSUES AND BLOOD PLASMA 

Bt PAUL B. BAMILTON 
With the Assistance op Rose Ruth Tabs 

(From the Hospital of The Rockefeller Institute for Medical Research, New York) 

(Received for publication, September 25, 1944) 

The present paper, one of a series from this laboratory on the chemistry 
(1^) and physiology (5) of glutamine, reports evidence that glutamine or a 
glutamine-like substance is a major constituent, present in human and dog 
plasma and in all dog tissues studied so far. This substance occure in the 
free form. In blood plasma glutamine constitutes 15 to 25 per cent of the 
free circulating a-amino acids and preliminaiy results have already been 
briefly reported (1) and confirmed (3-6). 

In dog heart muscle, glutamine constitutes approximately 60 per cent 
and in kidney tissue about 4 per cent of the free o:-amino acids. Glutamine 
I'alues for other tissues examined are intermediate between these extremes. 
These results have confirmation by the independent work of Ferdman, 
Frenkel, and Silakova (7) published in Russia. 

Methods for the quantitative determination of glutamine carboxyl 
nitrogen' in plasma and tissues by the ninhydrin-COz method of Van Slyke 
and his associates (8-10) are published in the accompanying paper (4). In 
the present paper the ninhydrin-COc method is used in conjunction with 
amino nitrogen determinations by the nitrous acid method of Van Sl}'ke 
(11) and with determinations of ammonia liberated by acid hydrolj^sis, the 
ammonia being determined by the micro vacuum distillation technique of 
Archibald (12). The results provide evidence that the unstable “glu- 
tamine-like” (1) component of plasma and tissue filtrates is in fact gluta- 
mine. 

Glutamine has been the subject of studj’’ for many j’ears bj' plant bio- 
chemists, in recent years notabl3’’ bj’’ Vickery, Pucher, Clark, Chibnall, and 
Wcstall (13), and the literature concerned with its metabolic role in plant 
biochemistry has been reviewed b3' Chibnall (14). It has also been found 
to be of importance in bacterial nutrition (15, 16). But the stud3’' of 
glutamine 63^ biochemists has not been extensive, and the significant facts 
now known concerning its ph3'sioIogical role in animal biochemistr3' can 

' The terra “carboxyl nitrogen” is used to indicate values calculated as 1 gm. 
atomoi nitrogen per mole of CO- evolved by reaction of or-amino acids with ninhydiin 
(S-10). The term amino nitrogen is reserr'ed for nitrogen determinable b}‘ the ni- 
trous acid procedure of Van Slyke (U). 

397 
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be briefly summarized. Its physiological importance in plant, animal, 
and bacterial metabolism is thoroughly reviewed by Archibald (unpublished 
work). 

Thierfelder and Shenvin (17) showed that phenylacetic acid, when fed to 
humans, was excreted in the urine and conjugated mainl}’’ with glutamine. 
Their findings indicated the presence and S 3 mthesis of glutamine in the 
body w’here it could function as a detoxifying agent. Power (18) showed 
that phenylacetic acid avas also conjugated similarly in the chimpanzee. 
The interesting fact that this conjugation is apparently confined to man and 
the higher apes was pointed out by Young (19). 

Krebs (20) demonstrated that glutamine can be S 3 Tithesized in vitro 
from ammonia and glutamic acid by liver slices. Orstrom, Orstrom, 
Krebs, and Eggleton (21) demonstrated that glutamine could also be 
synthesized by liver slices from pyruvate and ammonia in the presence of a 
source of energy such as glucose. The product of enzymatic S 3 ’nthesis was 
proved by isolation and identification of the crystalline compound. Krebs 
(20) also obtained from liver, brain, retina, and kidney actwe preparations 
of an enzyme or enzymes which he called glutaminase and which split 
glutamine into ammonia and glutamic acid. Leuthardt and Glasson (22), 
from in vitro studies of tissue slices, suggested that glutamine can function 
as an ammonia donator and acceptor, and Bach (23), also on the basis of 
in vitro studies, postulated an amide-nitrogen cycle as a mechanism of 
ammonia transport in the body. No evidence that these mechanisms 
operate in the intact animal was given b)' these authors. 

Mcllwain, Fildes, Gladstone, and ICnight (15) isolated glutamine as 
the crystalline compound from horse skeletal muscle during the course o 
work on essential nutrient factors in cultural media for hemolytic strepto 


cocci. 

Ferdman, Frenkel, and Silakova (7) reported the isolation of glutamine 
from horse brain. Thej’ also determined the amount of ammonia libera e 
bjr 5 minutes hydrolysis with 2 x sulfuric acid at 100° in trichloroacetic aci^ 
filtrates of heart muscle, skeletal muscle, liver, and kidneys of horse, Oe, 
cat, rabbit, marmot, pigeon, craj'fish, dog blood, human urine, an cm 
brospinal fluid ; this labile ammonia was attributed to the arnide ^ 

glutamine. The amount of this labile nitrogen w’as higher m hea 
than in any other organs analyzed in all animals investigated, excep 


pigeon, in which it was highest in brain. . 

The presence of free glutamine or glutamine-like substance m 
plasma of dog and human, reported in a preliminary communica 
has been confirmed by Harris (6). Further proof ^he 
tamine in plasma has recently been provided by Archi a t , 
determination of ammonia liberated from plasma on trea me 


kidney glutaminase. 
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Van Slyke and his associates (5) have recently demonstrated by experi- 
ments on dogs that the amide nitrogen of glutamine is the main source of 
urinary ammonia in acidosis. 

That the large amount of ammonia -which Ferdman, Frenkel, and Si- 
lakova (7) found liberated in urine by acid hydrolysis -was derived from 
glutamine appears questionable because urea liberates significant amoxmts 
of ammonia by acid hydrolysis, and the amounts of urea in urine are so 
great that ammonia from this source might greatly exceed that from glu- 
tamine. This source of error has already been fully discussed (4, 6). 
There is no evidence that Ferdman, Frenkel, and Silakova eliminated this 
source of error from their analytical procedure as applied to glutamine 
determinations in urine or in blood. Enzymatic analysis has shown that 
msignificant amounts of glutamine are present in urine (2). 

The values for plasma glutamine obtained by the quantitative ninhj^- 
drin-COj method (4) are in good agreement with those reported initially 
by the writer (1) and later by Harris (6) and by Archibald (2, 3). The 
glutamme values for tissues confirm and extend those reported for dog 
tissues by Ferdman, Frenkel, and Silakova (7). 

ANALl'TICAI, PROCEDUBES 

Delcrminaiion of Glutamine — Glutamine was determined in deproteinized 
picric acid filtrates of plasma and tissues by the ninhydrin-COj method 
described in the accompanying paper (4). In some plasma filtrates gluta- 
mine was also determined bj’- measuring the ammonia nitrogen liberated on 
lu’drolysis of filtrates with 2 N acid for 5 minutes at 100°; hydrochloric acid 
was substituted for the sulfuric acid originallj' used by Krebs (20). The 
yield of glutamine amide nitrogen as ammonia is quantitative under these 
conditions. The nitrogen evolved as ammonia was measured by Archi- 
bald’s micro technique for vacuum distillation and nesslerization (12). As 
recommended by Harris (6), ammonia liberated b}’- hydrolysis of urea in a 
.second 5 minute heating period was determined and subtracted from the 
ammonia nitrogen formed during the first 5 minute heating period. All 
values were determined in duplicate and were corrected for prefoimed 
ammonia in the filtrate. 

For comparative purposes glutamine was also determined in some 
samples of plasma b}* the enzymatic glutaminase method of Archibald (2). 

Deiermmaiion of Amino Nitrogen — Amino nitrogen determinations -svere 
carried out in the ^'an Slyke-Xeill manometric apparatus by the method of 
^an Slyke (11). Glutamine is anomalous in its reaction with nitrous acid 
as compared with asparagine and other amides in that it has previousl}' been 
found to j'ield SO per cent of its amide nitrogen in 4 minutes at 22.5° on 
treatment with nitrous acid; longer reaction time increases the yield by 1 or 
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2 per cent only (13). A sample of glutamine* (19.16 per cent N) on analysis 
by the Van Slyke nitrous acid procedure (11) gave 95 per cent of its total 
nitrogen as nitrogen gas in 5 minutes at 25“ equivalent to 84 per cent of the 
amide nitrogen, assuming the or-nitrogen to react completely. All de- 
terminations reported in this paper were carried out at 25° with a 5 minute 
reaction time with nitrous acid. All amino nitrogen values of the solutions 
analyzed were corrected for their content of ammonia when it was present 
in significant amounts. Since 38 per cent of ammonia nitrogen is liberated 
as nitrogen gas nith a 5 minute reaction time at 25° in the Van Slyke-Neill 
apparatus, 0.38 of the ammonia nitrogen, determined in a separate analy- 
sis, in the solutions analyzed was subtracted from the amino nitrogen values. 
All solutions that were to be subjected to analysis for amino nitrogen were 
rendered free of urea by treatment with urease as a preliminary step in the 
preparation of the filtrates, thereby eliminating the necessity for a cor- 
rection due to its presence. 

Determination of Ammonia — ^Ammonia nitrogen was determined in 
plasma filtrates by the micro vacuum distillation and nesslerization tech- 
nique of Archibald (12). 


EXPERIMENTAL 


Glutamine or Ghitamine-Like Substances in Plasma — The carboxyl 
nitrogen of a dialysate or a deproteinized picric acid human or dog plasma 
filtrate (to which is added phosphate buffer to give a solution of pH 6.5 and 
a final concentration of 0.08 »i with respect to phosphate), heated for 90 
minutes at 100° before analysis, is about 20 per cent lower than that for an 
unheated aliquot of the same filtrate. No further diminution of the 
carboxyl nitrogen occurs if the filtrate is heated longer than 90 minutes. 
That is, a 90 minute preliminary heating at 100° before analysis reduces t e 
carboxyl nitrogen to a constant minimum value. Similarly the ammo 
nitrogen of the filtrate determinable by the Van Slyke nitrous acid pm 
cedure (11) decreases to a constant minimum value; the ammonia rntrogw 
increases to a constant maximum value. All of these three 
determinable nitrogen reach their constant values simultaneously. ® 
acetic acid and sodium hydroxide are used instead of phosphate u ei 
adjust the filtrate to pH 6.5, the carboxyl, amino, and ammonia uitroge, 
determined on heated and unheated aliquot portions of the fi tra ^ 

same as those for filtrate samples containing phosphate, u ^ e 
necessary to heat at 100° to obtain constant minimum va ues is a 


The carboxyl, amino, and ammonia nitrogen of a filtrate f j 

phate is illustrated in Fig. 1. Comparison of the curves or 

> The author is indeed grateful to Dr. G. W. Pucher and Vr. H. B. Vick y 
generous sample of pure glutamine. 
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nitrogen designated COOH-N (no phosphate) and COOH-N (phosphate 
0.08 m) exemplify the effect of phosphate in reducing the time of heating at 
100° necessary to obtain constant values (4).® 



Flo. 1. Changes of carboxyl, amino, and ammonia nitrogen in picric acid filtrates 
of dog plasma on heating at 100“ and on hydrolysis in 2 n hydrochloric acid. 

In the experiment, results of which are embodied in Fig. 1, a single 
deproteinized picric acid filtrate of dog plasma, freed of urea and ammonia 
and adjusted to pH G.5, was investigated. Phosphate buffer was omitted 

*The significance attached to the effect' of phosphate in decreasing the time 
necessary to heat at 100° at pH 6.5 to give maximum formation of pyrrolidonecar- 
ooxylic acid from glutamine is discussed in the accompanying paper (4). The fact 
that the rate of change of the carboxyl nitrogen of plasma filtrates is affected by the 
pmsence of phosphate (as compared with acetate of the same molar concentration and 
pH 6.5) in exactly the same way as solutions of pure glutamine are affected, is taken 
M additional evidence that the unstable amino acid in the filtrate behaves similarly 
to glutamine in this respect also. 
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in order to take advantage of the slower ehange of the various nitrogen 
values on heating at 100° so that their parallel changes might be compared 
more exactly. 

From Fig. 1 (the curve designated COOH-N (no phosphate)) the carboxyl 
nitrogen per 100 cc. of plasma for the unheated and heated aliquot samples 
of the filtrate is 3.48 and 2.48 mg. respectively. The difference between 
these values for this plasma represents the maximum loss of 1.00 mg. of 
carboxyl nitrogen per 100 cc. as a result of the preliminary heating at 100°. 
Similarly the amino nitrogen for the unheated and heated aliquot portions 
of the filtrate is 4.73 and 2.83 mg. respectively, a max-imum difference of 
1.90 mg. per 100 cc. of plasma. The ammonia nitrogen of the filtrate 
is zero and 1 .04 mg. for the unheated and heated samples respectively, a 
net increase of 1.04 mg. per 100 cc. of plasma. The ratio of the increase in 
ammonia nitrogen to decrease in carboxyl nitrogen is 1.04/1.00 = 1.04, the 
ratio of the decrease of amino nitrogen to the decrease in carboxyl nitrogen 
is 1.90/1.00 = 1.90, and the ratio of the decrease of amino nitrogen to the 
increase in ammonia nitrogen is 1.90/1.04 = 1.83.. These ratios ex- 
perimentally determined for a sample of glutamine of known purity were 
1.02, 1.91, and 1.95 respectively. 

A portion of the filtrate was heated at 100° for 4 hours at pH 6.5. This 
heated portion was subjected to hydrolysis at 100° in 2 n hydrochloric acid 
(final concentration) and the carboxjd nitrogen then determined. The 
carboxyl nitrogen of the hydrolysate was higher than that for an unhy- 
drolyzed aliquot of the same heated filtrate. After an 80 minute period o 
hydrolysis the carboxyl nitrogen of the hydrolysate was the same, within 
the limits of experimental error, as that obtained initially. Prolongation 
of the hydrolysis caused no further significant increase. As illustrate 
(Fig. 1), the carboxyl nitrogen is 2.49 and 3.52 mg. for the heated un 
hydrolyzed filtrate, and the heated hydrolyzed filtrate, respectively, giving 
a net increase of 1.04 mg. per 100 cc. of plasma. Similarly the ammo 
nitrogen is 2.83 and 3.75 mg., an increase of 0.92 mg. per 100 cc. of p asm^ 
The ratio of the decrease in carboxyl nitrogen on heating, to the increase^^ 
carboxyl nitrogen on hydrolysis of the heated filtrate is 1.00/1.04 — ■ ^ 
and the ratio of the decrease in amino nitrogen on heatmg to the 
amino nitrogen on hydrolysis of the heated filtrate is 1.88/0.9 .gQg 
For glutamine these ratios experimentally determined were 0. an 


respectively. mine arc 

The changes in carboxyl, amino, and ammonia nitrogen o g u 
a consequence of, first, the conversion of glutamine to j 

bo.xylic acid and ammonia on heating in solution at phi • i nn ^ 

hydrolysis of the pyrrolidonecarboxylic acid so forme on giy 

hydrochloricacidtogiveglutamicacid. These reactions are quant.tat 

described by the following equations. 
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100 ° 

CO(NHs)-CHrCH,-CH(NH 2 )-COOH -;r— 

pH 6.5 

Glutamine 

CO-CH2-CH2-CH{NH)-COOH + NHj 

( 1 


and 


pyrrolidonecarboxylic acid 


100 ° 

CO-CH2.CH2-CH(NH)-COOH + H,0 
1 1 2nHCI 

Pyrrolidonecarboxylic acid 

COOH-CHs-CH2-CH(NHj)-COOH 


glutamic acid 

Quantitatively, within the limits of experimental error, the changes of 
carboxjd, amino, and ammonia nitrogen of plasma filtrates are identical 
with the changes observed in glutamine solutions. The effect of phosphate 
in accelerating the conversion of glutamine to pyrrolidonecarboxylic acid 
and ammonia has been demonstrated (4). The effect of phosphate on the 
unstable component in plasma filtrate is similar in all respects to the effect 
of phosphate upon glutamine. It is therefore reasonable to conclude from 
these data that the unstable component in human and dog plasma is, in 
fact, glutamine. 


For the experiment reported in Fig. 1 fresh dog plasma was treated with urease of 
low amino acid content (24) to decompose urea, and a 1:6 deproteinized picric acid 
filtrate was prepared according to Hamilton and Van Slyke (25). The pH was ad- 
justed to 9.8 to 10.0 and the ammonia removed by vacuum distillation at 20°. The 
solution was then adjusted to pH 6.5 by the addition of glacial acetic acid and made 
to its original volume with water. The filtrate, free of urea and ammonia, was di- 
vided into 50 cc. lots and placed in Erlenmeyer flasks, stoppered, and stored at —72° 
in a dry ice box till analyzed. 

Aliquot portions of the filtrate were heated for 0, 30, 60, 90, 120, 150, 180, and 240 
minutes at 100° in closed, partially evacuated all-glass reaction vessels (25). Car- 
boxyl nitrogen, amino nitrogen, and ammonia nitrogen were determined on aliquot 
portions of these heated samples of filtrate. 

For amino and carboxyl nitrogen values on heated, hydrolyzed filtrate the follow- 
ing procedure was adopted. A portion of filtrate was heated in a stoppered all-glass 
reaction vessel, partially evacuated, for 240 minutes until minimum amino and 
carboxyl nitrogen values were obtained. To aliquots of this heated filtrate concen- 
trated hydrochloric acid was added to give a final coneentration of 2 N ; the aliquots 
werS then heated in the 100° bath for 45, 90, and 120 minutes. After hydrolysis by 
this procedure the excess hydrochloric acid was removed by vacuum distillation to 
dryness. The dry residue was dissolved in water and made to its original volume. 

Carboxyl nitrogen was determined on 5 cc. aliquot portions of the hydrolysate, 
reaction of amino acids with ninhydrin being carried out at pH 4.7 (4). The analyti- 
cal values were corrected for conjugated a-amino nitrogen of amino acids liberated 
from peptides and other conjugated forms by hydrolysis. The correction was made 
by subtracting 0.48 mg, of nitrogen per 100 cc. of plasma, found to be in the con- 
jugated form (see below). 
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For amino nitrogen determinations, an aliquot of the hydrolysate was adjusted 
to pH 10.0 and ammonia was removed by vacuum distillation. The ammonia-free 
hydrolysate was then made up .to its original volume with ammonia-free water. 
Analysis was carried out on S cc. samples. As in the case of carboxyl nitrogen, 0.4S 
mg. of nitrogen per 100 cc. of plasma was subtracted from the determined amino 
nitrogen values to correct for conjugated a-amino nitrogen. 

To determine the "conjugated” a-amino nitrogen, a sample of unheated, un- 
hydrolyzed filtrate was treated with ninhydrin at pH 4.7 for 10 minutes at IfXl' to 
decompose all free a-amino acids. The excess ninhydrin was extracted from the 
solution with ethyl ether in a continuous extractor. The conjugated carboxyl 
nitrogen was not extracted by ether, nor was it detectable in the residual aqueous 
phase until after hydrolysis in 2 n hydrochloric acid (100° for 120 minutes). After 
hydrolysis the yield of carboxyl nitrogen on reaction with ninhydrin was found to be 
equivalent to 0.48 mg. of nitrogen per 100 cc. of plasma, the average of four separate 
determinations. 


Glutamine in Dog and Human Plasma — Glutamine carbo.xyl nitrogen 
concentrations determined by the ninhydrin-CO. method (4) in dog and 
human plasmas, and, in a single sample of pig plasma, are given in Table 
I. Of the eighteen analyses of different dog and human plasmas, the 
glutamine carboxyl nitrogen in all but three examples constitutes 17 to 25 
per cent of the total carboxyl nitrogen ((!lolumn 3). The amount of 
glutamine in the plasma varies from 4 to 20 mg. per 100 cc., and is higher 
in non-fasting than fasting human plasma. 

For three samples of plasma the nitrogen liberated as ammonia from 
aliquot portions treated ivith dog kidney glutaminase was determined (3). 
The values obtained agree well with those obtained for glutamine carbox)’ 
nitrogen by the ninhydrin-COj method (4). . . , 

The ammonia nitrogen liberated by hydrolysis in 2 N hydrochlonc aw 
for 5 minutes at 100° in a number of other samples was also determmed. 
In general the ammonia nitrogen liberated under these conditions was 
found to be a little greater than the amount expected from the 
carboxyl nitrogen value of the same plasma; whether this may 
other as yet unidentified labile sources of ammonia is being i^es ga 
Glutamine and Amino Acid Carhoxyl Nitrogen Values of Dog ^ 

Table II the glutamine carbo.xyl nitrogen of different tissues o e 
compared with the total free carboxyl nitrogen of the sme ® 
amount of glutamine per 100 gm. of tissue (wet weig ) rs gi 


Column 4. . , organ 

Heart muscle contains the largest amount of glutamme o 

analysed in the dog, with an average value of free amino 

tissue, corresponding to approximately 56 per cent o i stelefal 

acids. The amount in diaphragm muscle is somewha e , 
muscle still less. In general, however, glutamme was ou 
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Table I 

Glulamine and Total Free a-Amino Acid Carboxyl Nitrogen Values* for Dog, Human, 

and Pig Plasma 



Amino acid carboxyl nitrogen 


Amide nitrogen 
on hydrolysis 





i 





Subject 

Total 

Gluta- 

mine 

> 

4J 

O 

1 

a 

5 

< 2 

X 

Gluta- 

mine 

En:^- 

matict 

Add 

Remarks 


(1) 

(2) 

(3) 

(4) 

(5) 

(6) 



mg. per 
100 ce. 


Per cent 

mg. per 
JOOcc. 

mg. per 
100 ce. 

mg. Per 
100 cc. 


Dog 1 

4.48 


25.2 

11.8 



Fasting, before trauma 


8.04 


23.9 

20.0 



“ after 

“ 2 

4.49 


25.0 

11.7 



“ normal 

" 3 

3.74 

1.17 

31.3 

12.2 



tt <1 

" 4 

4.46 

1.00 

22.4 



1.04t 

H tt 

“ 5 

4.19 

1.46 

34.8 

15.2 


1.48 

It tt 

" 6 

4.19 

0.61 

14.6 

6.4 

0.58 


tl (( 

« 7 

4.54 

1.02 

22.5 

10.6 



tt tt 

“ 8 

7.14 

1.30 

18.2 

13.6 



tt tl 

“ 9 

5.26 

1.32 

25.1 

13.8 



tt tt 

Human 1 

2.46 

0.43 

17.5 

4.5 

0.38 


“ nephritic 

“ 2 

2.82 

0.69 

24.5 

7.2 



“ normal 

“ 3 

3.09 

0.62 

20.1 

6.5 



(( It 

“ 4 

3.74 

0.74 

19.8 

mgm 


0.84 

tt tt 

“ 5 

3.58 

0.72 

20.1 



0.93 

tt It 

“ 6 

5.19 

1.18 

22.7 

12.3 



Nonfasting, normal 

.. 7 

5.64 

1.13 

20.0 

11.8 



(1 (( 

“ 8 

4.28 

0.88 

20.6 

9.2 


0.97 

ft ft 

“ 9 

4.37 

0.98 

22.4 

10.2 


1.01 

If If 

“ 1 

5.14 

0.60 

11.7 

6.3 

0.59 

0.69 

Reconstituted from 

“ 2 

5.26 

0.48 

9.1 

5.0 



desiccated plasma§ 

“ 3 

5.31 

0.73 

12.8 



0.55 


Pigl 

5.31 

0.63 

11.9 




Slaughterhouse blood 


* All analytical figures are the average of duplicate analyses, 
t Enzymatic analysis kindly done by Dr. R. M. Archibald, 
t Ammonia nitrogen liberated in 240 minutes at 100° and at pH 6.5. 

§ Supplied throtigh the courtesy of Dr. R. J. Westfall, Sharp and Dohme, Inc., 
Glenolden, Pennsylvania. 


at least 50 per cent of the free amino acids in muscle tissue, a concentration 
at least tudce that found in aU other tissues analyzed. 




















406 


GliUTAAflJTE IN PLASMA AND TISSUES 


Table II 

Glutamine and Free a-Amino Acid Carboxyl Nitrogen Values* of Normal Dog Tissues 


Amino acid carboxyl nitrogen 


Organ tissue 

Total 

(1) 

GluUmme 

(2) 

Gluuminc , 

(l)/(2) X 100 
(3) 

Glutaome 

3 

(4) 

Heart 1. Right ventricle 

mi. per iOO gw. 

37.4 

34.3 

mf . pir too in. 

21.9 

20.1 

per cent 

58.6 

58.6 

mi. per JOO in. 

229 

“ 1. Left “ 

209 

“ 2 

43.6 

27.0 

61.9 

282 

“ 3 

37.6 

39.1 

33.2 

19.3 

23.3 

SI. 4 

201 

“ 4 

59.6 

243 

" S 

18.0 

54.2 

188 



Average 

37.6 

21.6 

55.7 

225 




32.2 

mam 

53.4 

179 

‘ ^ 2 

32.7 

— 

52.7 

179 

“ 3 .. 

31.6 

1 ; 


58.2 

192 




32.2 

17.6 

54.6 

183 




Skeletal Muscle 1 

25.1 


36.6 

96 

“ “2 

25.4 


50.2 

134 

“ “ 3 

25.1 

12.2 

48.6 

127 


23.6 

12.4 

52.6 

129 

Average 

24.8 

11.7 

47.0 

122 


39.5 

t 8.4 

21.3 

87 

2 

24.4 

6.5 

26.6 

68 

3 

22.4 

5.2 

23.2 

54 

“ 4 

15.3 

5.6 

36.6 

58 

52 

5 

13.9 

5.0 

36.0 

Average 

23.1 

6.1 

28.7 

64 


30.0 

4.5 

15.0 

47 

43 

“ 2 

16.1 

4.1 

25.4 

Average 

23.0 

4.3 

20.2 

45 


38.3 

1.1 

2.9 

11.5 

6.2 

18.0 

9.4 

2 

19.2 

Q.6 

3.1 

7.2 

5.9 

» 3 

23.5 

1.7 

4 

15.2 

0.9 

Average 

24,0 

1. 1 

4.8 

11.3 


• All analytical values are the average of duplicate determinati 
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Table II — Continued 



Amino acid carboxyl nitrogen 


Organ tissue 

1 


Glutamine 

Glutamine 

i Total 

(1) 

Glutamine 

(2) 

Total 

(1)/(2)X100 

(3) 

1 

1 w 

Stomach, fundus I 

mg. per lOO gm. 

19.5 

mg- per 100 gm. 

3.5 


mg. Per 100 gm. 

36 

“ pylorus 

20.5 

2.6 


27 

Small intestine 

44.4 

5.3 

12.0 

54 

Large bowel 

24.4 

4.8 

19.7 , 

50 

Spleen 

31.3 

5.9 

18.8 

61 

Lung 

14.6 1 

1.9 

13.0 j 

20 

Uterus 

16.0 

2.3 

14.4 ' 

24 


The small amount of glutamine found in kidney is noteivorthy and is 
to be expected because of the presence of the enzyme glutaminase and the 
function which has been demonstrated for this enzyme system in the intact 
animal (5). 

In confirmation of Van Slyke and Meyer (26), who used the nitrous acid 
method of Van Slyke (11) for the determination of free amino nitrogen in 
tissue filtrates, the free carboxyl nitrogen of tissilc filtrates was found to be 
5 to 10 times that of blood plasma. 

DISCUSSION 

In spite of the relative abundance of glutamine in plasma and tissue.^, 
there is little known concerning its physiological function. The early work 
of Thierfelder and Shenvin (17) in showing that phenylacetic acid is con- 
jugated with glutamine and excreted in this conjugated form in the urine 
serves as a demonstration that glutamine is to be found in the body, rather 
than as evidence regarding its function in the normal animal. The de- 
monstration by Van Slyke and his associates (5) that the amide nitrogen of 
glutamine is the main source of urinary ammonia is, however, direct evi- 
dence of a physiological function. Harris (6) has shown that the glutamine 
level of plasma in diabetic patients -was significantly lowered by the ad- 
ministration of insulin. Harris did not determine that the administration 
of insulin altered the ratio of glutamine to total amino acids. In experi- 
ments of the writer on dogs (unpublished data) glutamine plasma levels 
have been observed to alter considerably but the ratio of glutamine car- 
boxyl nitrogen to total carboxyl nitrogen remained tmchanged, suggesting 
a shift of all amino acids from blood to tissues rather than a significant 
variation of glutamine concentration alone. 

It is a privilege to acknowledge the author’s indebtedness to Dr. D. D. 
Van Slyke for constant help throughout the course of this work. Thanks 
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are also due to Dr. R. M. Archibald for the glutaminase determination by 
his glutaminase method reported herein, and to Dr. R. A. Phillips for 
valuable help in procuring numerous blood samples and tissues. 

smmABT 

1. E.\-perimentaI evidence is presented, based on the quantitative study 
of the relationships of carboxyd, amino, and ammonia nitrogen concentra- 
tions in plasma filtrates, before and after heating at 100° in solutions of 
pH 6.5, to show that there is an unstable amino acid in plasma filtrates, and 
that the unstable amino acid is identical m'th glutamine in all the reactioia 
studied. 

2. The normal concentration of glutamine in dog and human plasma 
varies from 6 to 12 mg. per 100 cc. and constitutes IS to 25 per cent of the 
total free amino acid carbo,\-yl nitrogen of the filtrates. 

3. The concentration of glutamine has been determined in brain, Hver, 
kidney, gastrointestinal tract, spleen, lung, uterus, and muscles of the dog. 

4. The concentrations of glutamine were found to be greater in cardiac, 
diaphragmatic, and skeletal muscles of the dog than in the other tissues 
examined. Cardiac muscle contained the most, 225 mg. per 100 gm. 
Glutamine was found to provide 50 to 60 per cent of the total free amino 
acid carboxj'I nitrogen of heart muscle. 
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FATTY ACID METABOLISM 

III. REACTIONS OF CARBOXVL-LABELED ACETIC ACID IN 
LIVER AND KIDNEY* 

By SIDNEY WEINHOUSE, GRACE MEDES, and NORMAN F. FLOYD 
{From the Lanhenau Hospital Research Institute, Philadelphia) 

(Received for publication, December 30, 1944) 

Recent studies with isotopic octanoic (1) and butyric acids (2) revealed 
that their transformation to ketone bodies in liver occurs by condensation 
of a 2-carbon intermediary (presumablj’- acetic acid or a derivative thereof) 
formed by successive /3 oxidation of the fatty acid. The importance of 
acetate in the intermediary metabolism of fats and proteins is further 
emphasized by the demonstration, by Bloch and Rittenberg (3, 4), that 
isotopic acetyl groups are formed in the breakdown of a variety of fatty 
acids and amino acids labeled with deuterium. Though acetate has been 
found to take part in such anabolic reactions as the formation of acetoace- 
tate (5), cholesterol (6), and fatty acids (7) in animals, and succinic acid 
(8), butyl alcohol (9), and citric acid (10) in lower organisms, little is 
knouTi concerning its oxidative catabolism. 

Inasmuch as the immediate oxidation products of acetate, e.g. glycolic 
and glyoxylic acids, are metabolized slowly if at all in tissues in which 
acetate is rapidly broken down (11), these substances are unlikety to be 
intermediates of acetate oxidation in animal tissues. It is more probable, 
therefore, that condensation reactions precede its ultimate degradation 
to CO 2 . 

In continuation of our investigation of the metabolic pathways of fatty 
acids, we are making a study of the o.xidation of acetate in animal tissues, 
utihzing the stable carbon isotope, C“, incorporated in the carboxyl group. 
The object of the present study was to elucidate the mechanism of the 
condensation of acetate to ketone bodies in liver, and to obtain information 
concerning the possible intermediate stages of acetate oxidation in kidney, 
which proceeds without the apparent formation of ketone bodies. 

EXPEKIMENTAIi 

Preparation of Labeled Acetic Acid — ^Acetic acid, labeled in the carboxyl 
group, was prepared by the action of methyl sulfate on 0.98 gm. (0.02 
mole) of isotopic sodium cj'anide according to the method of IValden (12) 
and subsequent hydrotysis of the acetonitrile bj' aqueous alkali. The 

* With the technical assistance of Marj- Cammaroti, Lafayette Noda, and Ruth 
Wilson. 
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product M'as isolated as the sodium salt and its purity checked by deter- 
mination of the Duclaux constants. The sodium cyanide contiuned 4.40 
atoms per cent C“ and the sodium acetate contained 2.16 per cent, equiva- 
lent to a C’’ content of 4.32 per cent in the carboxyl car^n atom.' The 
yield was 16.75 mM or 83 per cent based on the cyanide. 

Incuhalion with Liver Slices and Jiecovery of Products — Approximafely 
1 mat of the labeled sodium acetate was added to 100 ml. of the buffer 


solution previously described (1) and a 30 ml. aliquot removed for acetate 
assay and determination of the Duclau.\ constants. 30 ml. aliquots uere 
added to each of two 125 ml. Warburg type flasks, each containing 1.25 
gm. of liver slices in the main compartment, alkali-soaked filter paper in 
the central well, and 2 x suKuric acid in the side cup. Ml transfers u-etc 
carried out in a nitrogen atmosphere to avoid contanunation with atmos- 
pheric CO«. The flasks were shaken in o.xygen for 2 hours at 37.5°; the 
o.\ygen consumption was measured by^ a mercury-filled gas burette, attached 
to the two flasks by a T-connection. The acid was then introduced from 
the side cup and shaking continued 15 minutes to release the respiratory' 
CO;. The alkali-soaked papers were removed and treated as previously 
described for estimation and collection of the respiratory CO;. The 
medium was sepamted from the tissue, combined, and divided in two 
portions. One portion was steam-distilled according to the procedure of 
Friedemann (13) and the distillate made alkaline and redistilled. The 
second distillate, thus freed of non-volatile substances and volatile acids, 
contains the acetone derived by decarboxylation of acetoacetate dunag 
distillation. It was isolated as the Denighs complex according to the 
procedure of Van Slyke (14). The residue of the second distfflation, 
containing the sodium salts of the volatile acids, was acidified, distiUe , 
and the Duclaux constants determined. It was fcally redistilled and t e 
acid exactly neutralized, phenolphthalein being used as an dutside indica or. 
The neutral solution of the sodium salts was then evaporated to 
The second portion of the medium was treated by the Van Slyke ( 
procedure previously described (1) for decarboxylation of acetoacetic act 
and isolation of the acetone and CO;, after which the hydroxj'butyra e ua 


oxidized with dichromate and the acetone isolated. _ 

The tissue was likewise dmded in two portions, one of which uas s ea 
distilled for recovery of any volatile acid which might have been ^ un 
the tissue. The amounts so adsorbed were insignificant, 
second portion of tissue was extracted successively with alco o an 
thereby separating the tissue into lipid and lipid-free fractions. 

In the experiments with kidney slices the procedure was 
except that the isolation of ketone body fractions was onu , 

1 The C'* contents eje expressed as atoms per cent C” c-vcms, _ i.cl. 

equation, atoms per .rent C» = ((moles C“ X 100) / (moles C> -h rnok ) 
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experiments with normal acetic acid showed no trace of these substances. 
The non-volatile residue after distillation of the unutilized acetate was 
found to contain e.xcess C‘’. To purify this fraction further it was extracted 
continuously for 48 hours udth ether. By this process all of the excess C“ 
was extracted, but since the amount of extract was only sufficient for a 
C” determination, further identification was impossible. 


Table I 

Distribulton of Excess C*’ in Products of Incubation of C^^-Labeled Acetic Acid with 
Liver and Kidney Slices from Fasted Rats 



Liver 

■Kidney 

Experiment 1, 

2 50 gra. tissue 

Experiment 

2 50 gm. tissue 

Eiperimeat 3, 

2 00 tissue 

E:n>eruDeat 2. 
1£3 gm. tissue 


Cw 

excess 


Cw 

excess 


C“ 

excess 


C» 

excess 



atoms 









ptr cent 

ftlSt 

per cent 


per cent 


Per cent 

Acetic acid, start . 

0.634 

2.16 

0.638 

2.16 

0.628 

2.16 



“ " recovered 

0.42Q 

1.96 

0.432 

jtmif 

0.499 

1.91 


on 

“ “ utilized.. 

>lwCI 


0.206 


0.129 


Qg 


Os conauined 



0.559 


0 388 


iinisV! 


COj evolved in respiration 

0.314 

0.92 

0.374 


0.299 

1.06 

0.521 

0.99 

Acetoacetic acid 

0.0750 




0 


0 


/S-Carbon, direct 


1.47 


1.71 





“ by distillation 


1.62 


1.71 





Carboxyl carbon. 


1.89 


2.25 





P-Hydroxybutyric acid . 

0.0361 




0 


0 


(S-Carbon 


0.?2 


1.41 





Non-volatile carbon 





1.13 

0.05 

0.89 

0.10 






mg. 




“ " ether 









extract . . 





8 

0.18 

4 

0.28 

Tissue lipids. . 


0.03 






ISBil 

“ non-lipids 


0.02 


IBI 




iSl 


For the C*’ determinations the solid fractions were converted to COj by 
the Van Slyke and Folch wet combustion procedure (15). The fractions 
in solution were oxidized by a micro modification of the persulfate method 
of Osbum and "Werkman (16). 


Results 

Ketone Body Formation in Liver — In E.\periment 1, the acetone, obtained 
as the Denigbs complex formed in situ by the breakdown of acetoacetate 
in the presence of mercuric sulfate, contained 0.49 per cent C*’. This 
represents a C“ content in the carbonyl carbon of 3 X 0.49 = 1.47 per 
cent (Table 1). As a check on the specificity of this procedure, and to 
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avoid the possibility of inclusion of other carbon-containing substances, 
the precipitation Muth mercuric sulfate was employed on another portion 
of acetone, freed, by distillation, from non-volatile substances and rolatile 
acids. This sample had a slightly higher C” content, 0.54 per cent, 
representing 1.62 per cent in the carbonyl carbon. In Experiment 2, 
the C“ contents of the two acetone fractions were equal, 0.57 per cent, 
representing an excess of 1.71 per cent in the carbonyl carbon. 

In both experiments tlie carbo.xyl carbon atoms had a somewhat higher 
C” content than the corresponding /3-carbon atoms. To verif}’’ this obser- 
vation we carried out a third e.xpe-imcnt (not included in Table I) with a 
new sample of labeled acetate containing 8.32 per cent C'’ in the carboxyl 
group. In this e.xperiment part of the acetoacetate was broken down by 
the procedure described and another portion was decarbo.xylated mth 
aniline citrate, according to the method of Edson (17). Since the latter 
method does not require heating and is highly specific for d-keto acids, 
it is probably more reliable than heat decarboxylation. By this procedure 
we also found a somewhat greater C” content in the carboxyl carbon than 
in the |3-carbon, the respective values being 2.58 and 2.22 per cent. The 
results of this third experiment are somewhat ambiguous, however, in 
that the COj from heat decarboxylation had a C'“ content of only 1.70 


per cent. 

The acetone derived by oxidation of ^-hydroxybutjTate -also contained 
excess C*’, a result to be anticipated considering the close metabolic relation- 
ship between acetoacetate and hydroxybutj'rate. However, the calcu- 
lated C'’ content of the /3-carbon atom of hydroxybutyrate was lower in 
each experiment than the corresponding value for acetoacetate. The 
quantitative significance of these differences is difficult to assess, in yien 


of the possibilities of contamination acetone or other substances ansi g 
by oxidation of substances other than hydroxybutyric acid.- 

The C’’ content of the carboxyl carbon of hydroxybutyrate could not e 
determined, since in the oxidation of hydro.xybutjwate to acetoacetate le 
carboxyl COj was diluted by relatively large quantities of CO: erne 
from other easily oxidizable substances present in the medium. 

Complete Oxidation of Acetic Acid in Liver — In Experiment 1 t e . 
mM of CO: evolved by respiration contained 0.92 per cent 

isotopic acetic acid had a content of 2.16 per cent, 0.92 X / • 

42.5 per cent of the respiratorj' CO: was derived by oxidation o iso 
acetate. This is equivalent to 0.314 X 0.425/2 = jSet 

or 0.067 X 100/0.214 = 31 per cent of the amount utilized, i -v 


* In a third experiment the C'> contents of the acetone O-i' 

and hydroxybutyrate were about equal, the respective values > 


per cent. 
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ment 2, similarly calculated, 44 per cent of the respiratory CO 2 came from 
the substrate, representing the complete oxidation of 0.082 mM or 40 per 
cent of the utilized acetate. 

Comparison of the Duclaux constants of the acid before and after incu- 
bation reveals no significant formation of other volatile acids in the incuba- 
tion procedure (Table II). However, a slight decrease in the content of 
the unutilized acetate was observed, which seems to indicate a slight 
dilution by normal acetate formed during incubation. The quantity of 
preformed acetate in liver is negligible. 

Acetate Oxidation in Kidney — In Experiment 1, 0.129 imu of acetate was 
utilized and 0.299 msi of CO 2 was obtained, with a C” content of 1.06 per 
cent. Hence, 1.06 X 100/2. 16. or 49.1 per cent of the total CO 2 came 
from the substrate, representing the complete oxidation of 0.299 X 0.491/2 
= 0.077 mM or 0.077 X 100/0.129 = 59 per cent of the utilized acetate. 


Table II 

Duclaux Constants of Volatile Acid Fractions 


Per cent of toUl volume distilled 


! 

125 1 


37.5 j 

so 

1 62.5 1 

i ” i 

1 87.5 

Per cent of total acidity in distilbte 

Normal acetic acid. 

11.8 

23.9 

36.8 

1 

60.5 

65.4 

81.2 

95.6 

Isotopic “ “ 

12.0 

24.4 

36.1 

49.0 

63.7 

79.2 ! 

1 93.9 

After incubation, liver 

14.7 

26.3 

38.2 

50.9 

64.8 

79.8 ] 

93.8 

“ kidney. 

12.4 

23.9 

36.8 

50.3 

65.4 

80.8 1 

94.5 


In Experiment 2, similar calculation reveals that 83 per cent of the utilized 
acetate was completely oxidized. 

After removal of the acetate by distillation the non-volatile residue, 
containing 1.13 and 0.89 mM of carbon in the respective experiments, had 
a small C’’ excess, all the excess C“ of which was e.xtractable with ether. 
The amount of this fraction was so small, however, that only sufficient was 
available for a C*’ determination. Consequently further identification was 
impossible. 

As in the liver experiments, the Duclaux constants reveal that the 
recovered acetic acid was unaccompanied by other volatile acids, but there 
was similarly observed a small dilution bj' normal acetic acid, due either to 
acetate formation from tissue constituents during incubation or to pre- 
formed acetate. 

Recovery of — ^As shown in Table III, the respiratory^ CO- and ketone 

bodies account for 63 and 84 per cent of the C“ utilized as acetate in the 
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respective livfer experiments. The C‘® content of the non-volatile fractions 
■was too low for an accurate estimation, but could not have represented 
more than 5 per cent of the total. The remainder was probably incorpo- 
rated into the tissue b}’' sjuithetic reactions. Although the tissue fractions 
did not contain significant C‘^ excesses, this does not signify that none of 
the unaccounted for C” was incorporated in the tissue, as the small quanti- 
ties involved would be masked by the relatively large mass of normal 
tissue carbon. 

In the respective kidnej’ experiments the respiratory COj and the non- 
volatile fraction account for 70.5 and 96.7 per cent of the total utilized 
C». 


Table III 


Per Cent o/ C“ Uiilized As Acetic Acid, Appearing in Various Fractions 



Liver 

Kidney 





Acetoacetic acid 

26.3 

35.5 

0 

0 

Hydroxybutyric acid 

5.6 

8.7 

0 

0 

Respiratorj’ CO« 

31.2 

39.5 

59.8 

82.5 

Non-volatile substances 

• 

* 

10.7 

14.2 

Tissue 

0 

0 

0 

0 

Total accounted for 

63.1 

83.7 

70.5 

96.7 


* Not determined. 


DISCUSSION 

The equal distribution of e.xcess isotope between the carbonyl and 
carboxyl carbon atoms of acetoacetic acid formed from isotopic octanmc 
acid (1) indicated that the metabolism of fattj’' acids in liver procee s 
through the intermediary formation of a 2-carbon substance. The sinu ar 
results reported herein with carboxyl-labeled acetic acid may be te 
additional confirmation of this postulation and further emphasizes e 
close relationship between acetic acid and this 2-carbon intermediary. 

Of the total ketone bodies formed, only a part was derived^ rom 
isotopic acetic acid. This is indicated by comparison of the C con en 
of the respective substances. In Experiment 1, for e.xample, t e 
acetate contained (1.62 -f 1.89)/4 = 0.88 per cent C”, u erea 
acetic acid had a C" content of 2.16 per cent. If jsotopic 

difference represents dilution of the isotopic acetoacetate j 
acetoacetate derived from tissue constituents, we inay caku 
0.88 X 100/2.16 = 41 per cent of the total acetoacetate 
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substrate and 59 per cent from the tissue. Similar calculations for Experi- 
ment 2 indicate that 45 and 55 per cent were derived from the substrate 
and tissue, respectively. Though the origin of this non-isotopic aceto- 
acetate is uncertain, the most probable source is the fatty acids of the 
liver lipids. If these fatty acids were broken doum to acetic acid in the 
course of their conversion to ketone bodies, a dilution of the isotopic acetic 
acid would be expected. 

Although a dilution was observed, it was not as large as expected. In 
Experiment 1, for example, 60 per cent of the 0.111 mxi of ketone bodies 
came from the tissue. It should have required the production of 0.111 
X 0.60 X 2 or at least 0.133 mxi of acetic acid. Since 0.634 mxi of 
acetate was originally present, the minimum expected dilution would be 
0.133 X 100/(0.634 -f 0.133) = 17 per cent, whereas the observed 
dilution was 9 per cent. In Experiment 2, the minimum dilution should 
again have been about 17 per cent, whereas the obserx’ed dilution was 11 
per cent. 

It should be pointed out that the expected dilution would be observed 
only if equilibrium exists between the biologically formed acetic acid and 
the isotopic substrate. If the rate of condensation is rapid in comparison 
with the diffusion, it is conceivable that the “biological” acetic acid, being 
produced intracellularly, is preferentially condensed before mixing with the 
main portion of extracellular isotopic acetate. This would be true, partic- 
ularly, if the biological 2-carbon intermediary is not acetic acid itself, but 
a functional derivative such as acetyl phosphate, which would not be 
expected to diffuse readily. 

Two other observations point to the possibility that the biological 
intermediary is not acetic acid itself. First, the condensation of acetate 
does not occur in the absence of oxj'gen.’ Under anaerobic conditions no 
acetate is utilized and no ketone bodies are formed. Since oxidation is 
not involved in the condensation of acetate to acetoacetate, it is conceivable 
that' oxidative energy is required to convert acetate to an active form which 
can undergo the condensation. Lipmann (18) has brought forward exddence 
to show that the “active” acetate concerned in the many fold reactions of 
pyruvic acid is acetyl phosphate. This substance may be involved here 
also. 

The second observation is the apparently greater concentration of C*’ 
in the carboxyl than in the carbonyl group. This is difficult to explain on 
the basis of a condensation of identical molecules. If we assume, however, 
that the substrate molecules react, not only ndth one another, but also with 
a more active biological 2-carbon compound, the higher activity of the 
latter might be manifested by a greater tendency to act as the acetylating 

• Unpublished obser\'ation. 
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agent in the condensation. With acetyl phosphate as an example, the 
reaction could be formulated as follorvs: 

(CHjCOOPOjH)- + CH,C‘»OOH-^CHjCOCHjC”OOH + (H5PO,)- 

Othcr Oxidation Pathways of Acetic Acid in Liver — ^The C” content of 
the respiratory COj represents the complete oxidation of 30 to 40 per cent 
of the utilized isotopic acetate. Inasmuch as acetoacetate is appreciably 
oxidized by fasted rat liver (19), part at least of the isotopic CO 2 of respira- 
tion represents the breakdown of acetoacetate. 

The question remains whether all of the isotopic COj represents break- 
down of ketone bodies or whether acetate is metabolized by some other 
pathway. If all of the acetate goes through ketone bodies, the C'^ content 
of the respiratory CO 2 ivould be equal to or lower than the C‘’ content of 
the ketone bodies. If the C‘’ content of the respiratoiy CO 2 were signifi- 
cantly higher than the ketone bodies, this would constitute proof for 
another oxidation pathway. In Experiment 1 the acetoacetate contained 

0.88 per cent C‘’, whereas the respirator' C02 had 0.92 per cent; in Experi- 
ment 2, the respective values were 0.99 and 0.95 per cent; in a third experi- 
ment they were 1.20 and 1.21 per cent. Thus, in all three experiments 
the C*’ contents were approximately equal. Inasmuch as we are reluctant 
to place too great reliance on small quantitative differences in view of the 
possibility of unknown sources of error in the C’ determinations, the above 
data are regarded as inconclusive as to whether or not acetate is oxidized 
through other pathways than acetoacetate. However, the approximate 
equality of the C'’ contents of the acetoacetate and the CO 2 suggests that 
perhaps all of the substances involved, whether from the substrate or 
tissue, pass through the ketone body stage prior tc. complete oxidation. 

Acetate Oxidation in Kidney — ^The results of these experiments gavano 
conclusive information conceming tlie possible intermediates of acetate 
oxidation in kidney. The presence of C" in the non-volatile inatena 
extractable with ether does suggest that possibly C 4 -dicarbox 3 dic ® ® 
other components of the Krebs cycle may be involved. These possi 1 1 'cs 
are now being studied. 


SUMMARY 

1. The distribution of C'’ in acetoacetic acid formed by 

of acetic acid, labeled with C“ in the carboxyl group, indicates a 
reaction proceeds by coupling of two acetjd groups. , 

2. Of the total acetoacetate, 41 to 45 per cent came from e k 
acetate and the remainder presumably from constituents 0 e 

3. Although the results establish the ketone bodies as an interm 
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stage of acetate metabolism in liver, the data are inconclusive as to vhether 
or not acetate is also metabolized by some other pathway not involving 
ketone body formation. 

4. A decrease in the C'’ content of the acetate recovered after incuba- 
tion demonstrates the formation of acetate from tissue constituents. 

5. Acetic acid is oxidized in kidney without the appreciable accumu- 
lation of intermediates. The presence of a small quantit 3 ’' of isotope iu 
the non-volatile fraction extractable with ether suggests that the Ci- 
dicarboxylic acids or other components of the Krebs cj’’cle may be inter- 
mediates of acetate oxidation in kidney. 

We are greatly indebted to Dr. H. C. Urey and the Houdry Process 
Corporation of Marcus Hook, Pennsylvania, for their cooperation in this 
work. 
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A DIETARY FACTOR ESSENTIAL FOR GUINEA PIGS* 

VI. CHANGES IN THE DISTRIBUTION OF ACID-SOLUBLE PHOSPHORUS 
IN THE MUSCLE DURING A DEFICIENCY OF THE ANTISTIFFNESS 

FACTOR 

Br WILLEM J. van WAGTENDONK and HILDEGARD LAMFROMf 

(From the Department of Chemistry and the Department of Zoology, 

Oregon State College, Corvallis) 

(Received for publication, January 3, 1945) 

In diseases in which muscular activitj' is impaired because of a dystrophic 
condition, deviations from the normal concentrations of creatine phosphate 
and adenosine triphosphate can be e.vpected. Reinhold and Kingsley 

(I) reported a decrease in the concentration of phosphocreatine and 
adenosine triphosphate in dystrophic muscles of guinea pigs deficient in 
vitamin E. The low level of creatine in the muscle of animals deficient 
in vitamin E was recognized by Goettsch and Broum (2) and has since 
been repeatedly confirmed (3-5). A correlation e.xists between muscular 
dystrophy and urinaiy excretion of creatine (6). These two phenomena 
are suggestive of a breakdomi of creatine phosphate during the deficiency 
of vitamin E. Houchin (7) and Weissberger and Harris (8) found an 
increase in phosphate turnover during ^dtamin E deficiencj'. Changes 
in the concentrations of phosphocreatine and adenosine triphosphate in 
the brain have been reported in experimental poliomyelitis (9). 

Guinea pigs raised on a diet mainly composed of skim milk to which the 
necessaiy minerals and knoum essential vitamins had been added de- 
veloped a characteristic syndrome (10). The first outward sign of the de- 
ficiency was the development of a stiffness at the wrist joint. In the ad- 
vanced stages of the deficiency the muscles were found to be e.xtremely 
atrophied. Calcium deposits were found in many body tissues. Vitamin 
E, supplied either in the form of wheat germ oil or as the synthetic a- 
tocopherol, did not cure or prevent the deficiency disease. The sjmdrome 
could, however, be prevented and cured bj-^ a factor present in raw cream 

(II) and several plant sources.' 

It was found previously (12) that no creatinuria developed when guinea 
pigs were raised on a diet deficient in the antistiffness factor, but sup- 

* Supported by grants from the Williams-Waterman Fund of the Researeh Cor- 
poration and from the General Research Council of the Oregon State Sj'stem of 
Higher Education. 

t From a thesis submitted by one of the authors (H. L.) as partial fulfilment of 
the requirements for the degree of Master of Arts, Oregon State College. 

* van Wagtendonk, W. J., and Wulzen, R., to be published. 
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plemented with a-tocopherol. However, a more severe creatine excretion 
resulted when the diet was deficient in both a-tocopherol and the anti- 
stiffness factor than when onl3' a-tocopherol was omitted. This indicates 
that the antistiffness factor has some influence in the creatine turnover. 
The concentration of the easilj' hydrolyzable phosphorus in the liver and 
kidneys of the experimental animals was lowered considerably during the 
deficiency (13). A high concentration of inorganic phosphate was found 
in these tissues. The level of inorganic phosphate in the blood of these 
animals was also significantly above normal (14). It might be concluded 
from these observations that a deviation from the normal levels of creatine 
phosphate and adenosine triphosphate in the muscle would result from a 
deficiency of the antistiffness factor. A significant decrease of the con- 
centration of these compounds was found. 


EXPERIAIENTAL 


Method 


Guinea pigs were raised on the diet described bj' van Wagtendonk el el. 
(14). This diet consisted of skim milk powder and water to which the 
i necessaiy minerals and known vitamins were added. The animals were 
bedded on autoclaved straw. The animals on the stock diet received rolled 
barley, greens, and straw ad libitum. At various intervals the guinea 
pigs were sacrificed. The animals were anesthesized ivith nembutal, and 
the musculus rectus femoris rapidlj' removed. The tissue was frozen at 
once in a mixture of dry ice and ethyl ether in order to prevent changes in 
the phosphate distribution (15, 16). After being weighed in the frozen 
state, the tissue was dispersed in 10 times its weight of ice-cold 10 per cent 
trichloroacetic acid by means of a Waring blender. The mixture was 
filtered immediate!}" after maceration. The filtrate was made alkaline to 
phenolphthalein and the resulting solution analyzed for inorganic phosphate, 
creatine phosphate, and adenosine triphosphate according to the mefho 
of Stone (17). In order to determine the changes in the concentrations 
of inorganic phosphate, creatine phosphate, and adenosine triphosp a e 
due to aging, three different age groups (13, 20, and 72 weeks) of ® 
on the stock diet were also analyzed. WTierever possible groups of cen 
animals were used. 


Rcsidts 

The results are represented in Table I. The creatine 
adenosine triphosphate concentrations increased slightly wit 
age, thus substantiating the findings of Fainshmidt et al. (IS). . . , 

centration of creatine phosphate in the musculus 
with that found by Palladin and Epelbaum for the musculus P 

( 19 ). 
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Marked changes in the distribution of the acid-soluble phosphate in the 
muscle were found during the timfe limit of the deficiency period. The 
concentration of the inorganic phosphate increased as compared with that 
found in animals receiving a stock diet. Some fluctuation in the creatine 
phosphate and adenosine triphosphate content occurred in the early period 
of the deficiency. In the more advanced stages a significant lower level 
became established. 


Tabu; I 


Distribution of Acid-Soluble P in Muscle of Guinea Pigs Receiving Stock Diet and 

Skim Milk Diet 



Stock diet | 

Deficient diet 

Age 

No. of 
deter- 
minations 

Mean; 

, mg. per 100 gm. 


No. of 
deter- 
minations 

Mean, mg. per 100 gm. 

Inorganic 

P 

Creatine 

phosphate 

ATP- 

ADP* 

Time 
on diet 

Inorganic 

1 P 

Creatine 

phosphate 

! ATp. 

1 ADP* 

wJbr. 





toks. 



i 


13 

10 

54.1 

7.0 

12.4 

1 

15 

48.7 

7.8 

18.7 

14 





2 

15 

69.1 

7.1 

12.4 

15 





3 

15 

51.6 

10.0 

14.8 

16 





7 

8 

71.0 

7.0 

14.5 

20 

15 

37.2 

9.2 

20.6 

10 

15 

54.0 

7.9 

7.6 

23 





19 

5 

76.1 

4.5 

4.4 

29 





28 

15 

65.2 

4.2 

3.8 

41 



1 


59 

16 

80.1 

3.0 

2.8 

72 

10 

42.7 

12.0 

19.8 







* ATP and ADP denote respectively adenosine triphosphate and adenosine di- 
phosphate. 


DISCUSSION 

From the experiments reported here it becomes evident that the im- 
paired function of the muscle during the deficiency of the antistiffness 
factors is correlated with a lowered content of compounds containing energy- 
rich phosphate bonds (20). This decrease of creatine phosphate and 
adenosine triphosphate in the muscle tissue parallels the drop in the easily 
hydrolyzable phosphate concentration in other tissues, e.g. liver and 
kidneys (13). 

In a previous paper of this series (14) a high concentration of calcium 
was found in the muscle. The simultaneous presence of a high concentra- 
tion of inorganic phosphate can account for the deposits of calcium phos- 
phate found in so many tissues. 

Although both a deficiency of \'itamin E and a deficiency of the anti- 
stiffness factor result in a lowered concentration of creatine phosphate 
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and adenosine triphosphate in the muscle, a distinct difference is found in 
the fate of creatine. A deficiency of \-itamin E is characterized by a severe 
urinary e.\-cretion of creatine. No creatine excretion -was found when the 
diet deficient in the antistiffness factor was supplemented with tt-tocopherol. 
Animals raised on a diet deficient both in vitamin E and the antistiffness 
factor developed a creatinuria, more severe than -when only a-tocopherol 
was omitted (12). Patrick and Morgan (21) have reported that an 
unidentified fat-soluble factor, present in j'east and soy bean phosphatides, 
was necessarj' for the proper utilization of a-tocopherol by the chick. No 
evidence for the need of this factor was found in our experiments. 

SUMMARY 

A deranged distribution of the acid-soluble phosphoras in the muscle 
is found during a deficiency of the antistiffness factor. The concentration 
of inorganic phosphate increases during the deficiency, while the concentra- 
tions of creatine phosphate and adenosine triphosphate decrease after 
some fluctuations at the onset of the deficiency. The antistiffness factor 
and vdtamin E have different functions in the animal organism. 
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THE INACTIVATION OF TYRAMINE BY HEART MUSCLE 

IN VITRO 

Br FREDERICK BERNHEDM aud MARY L. C. BERNHEIM 

(From the Departments of Physiology and Pharmacology and of Biochemistry, 
Duke University School of Medicine, Durham, North Carolina) 

(Received for publication, January 16, 1945) 

It has previously been shovui (1) that rat heart slices and intestinal 
muscle strips can both deaminate the side chain of tyramine and cause 
the disappearance of hydroxy groups on the ring. Liver and kidney slices, 
on the other hand, cause only deamination. It was, therefore, of interest 
to determine whether one or more enzymes are responsible for the inactiva- 
tion of tyramine by heart and to study the properties of the reaction. The 
function of the liver enzyme, presumably, is the inactivation of the amines 
formed in the intestine from amino acids by bacteria. In the heart, it 
may reasonably be assumed that the mechanism which causes the destruc- 
tion of tyi’amine is also concerned with the inactivation of epinephrine or 
sympathin produced at the sympathetic endings. Support is given to 
this possibility by the fact that tjTamine is inactivated bj' intestinal 
muscle in the same way as it is by heart, and by the fact that arterial 
muscle, as shown below, contains a simUar enzyme system. 

EXPERIMENTAL 

Heart muscle slices were made from the ventricle within 5 minutes of 
the removal of the heart from the animal. Approximately 120 mg. (wet 
weight) were suspended in 4.0 cc. of Krebs’ bicarbonate-Ringer’s solution, 
and shaken in an atmosphere of 95 per cent oxygen and 5 per cent carbon 
dioxide at 37°. Suspensions of heart muscle were also made with a small 
Waring mixer. The particles were fine enough to pass through muslin. 
Under the same experimental conditions the slices and suspensions behaved 
m most respects in the same way. At the end of the experiment, 1.0 cc. 
of 20 per cent trichloroacetic acid was added, the precipitate centrifuged, 
and aliquots of the supernatant fluid were used for the estimation of the 
remainmg amine groups by the Van Slyke method and the hydroxy groups 
by the method of Theis and Benedict (2). Standards for the latter deter- 
mmation were obtained bj' adding different amounts of tjTamine to 
slices immediatel}’’ before the addition of the trichloroacetic acid. Since 
m the Van Slyke apparatus, under our conditions, 40 per cent of the 
ammonia present comes off as nitrogen, it was necessaiy' to correct for 
this by the use of the following equations: x -t- 0.4 j/ = a, and x y ~ h. 
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Then x = (a — 0.46)/(0.6), when X is the amine nitrogen present, y, 
the amount of ammonia, a, the nitrogen as measured by the Van Slyke 
method, and 6, the amine nitrogen added at the beginning of the experi- 
ment. The equation is valid, for it was shown that ammonium salts 
added to heart slices under the e.xperimental conditions can be quantita- 
tively' recovered at the end of the incubation period. Estimations of 
ammonia by distillation and subsequent nesslerization proved that the 
tya-amine was deaminated. Table I shows that the deamination of tyra- 
mine occurs more rapidly than the removal of the hydro.xy groups, and 
this is also true as the concentration of tjTamine is altered. 

In order to determine whether one or more enzymes are responsible for 
the destruction of tj’ramine by' heart, the effect of a number of drugs and 
of o.xy'gen tension was studied. It is well known (for literature cf. (3)) 


Table I 

Disappearance of Amine and Hydroxy Groups of Tyraminc As a Function of Time 

and Concentration 


The time curve was obtained with rat heart suspension; the concentration curve 
with rat heart slices after 4 hours incubation. 



Time cun'c 

Concentration cun’e 

Time 

NH»-N disappeared from 
0.164 added as 

tyramtse HD 

OH groups disappeared 
from OJ xng. aaoed as 
tyramine HCl 

Tyramine 
added | 

NHr-N 

disappeared 

OH groopJ 

disappeared 

1 


per cent j 

17 

33 

52 

75 

m;. j 
0.025 1 
0.045 
0.07 
0.10 

per cent 

13 

25 

35 

50 

mf. 

\ i-b 

2.0 

4.0 

per cent 

100 

So 

71 

1 


that ephedrine, cocaine, methylene blue, and caprylic alcohol inhibit t e 
amine o.xidase of liv'cr, and that this enzyme does not attack the hydro.xy 
groups on tyramine. The effects of these drugs on the heart enzy'me are 
shorni in Table II, which also includes e.xperiments with indole, “ 
acetic acid, and large concentrations of cyanide. All these dru^ "ar® 
tested on liver slices and on heart, and were found to cause appro^a e > 
the same percentage inhibition. Indole and indole acetic aci m a 
with the p-nitroaniline reagent so that values could not be o tame 
their effect on the disappearance of the hydroxy groups. Ep e , 
interferes with the reagent, causing a cloudiness after 30 to ^ 

It is possible, however, to estimate the color during this peno , 
standard which contains the same concentration of ™ / 
methylene blue is almost quantitatively adsorbed drugs, 

therefore does not interfere with the color. It is obvious 
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with the exception of methylene blue, inhibit the deamination to a much 
greater extent than they do the disappearance of the hydroxy groups. 
This, however, does not necessarily mean that two enzymes are involved. 
The effect of oxygen tension is shoAvn in Table III. Kohn (4) first showed 
that the activity of the amine oxidase of liver increases wdth increased 
oxj^gen tension. This is also true of the enzyme in heart, and both amine 
and hydroxy groups are affected in the same way. Weight for weight, 


Table II 

Effect of Various Drugs on Disappearance of Amine and Hydroxy Groups of Z 0 Mg. 
of Tyramine Hydrochloride Incubated for Z Hours with Rat Heart Slices 


DniE 

NHi-N disappeared 
from 0 164 mg. added 
as tyramine HCl 

i OH groups disappeared 
from 0 2 mg. added as 
tyramine HCl 



per cent 

mf* 1 

per cent 



85 

BS ill 

70 

7.3 X 10“’ M cocaine HCl 

0.072 

44 

Hi : 1 

67 

5.9 X 10“’ “ ephedrine SO« 

0.061 

37 

■nl [ 9 

70 

2 0 X 10“’ ‘‘ caprylic alcohol 

0.082 

50 

0.115 

57 

1.3 X 10“’ “ methylene blue 

0.044 

27 

0.014 

7 

0 85 X 10“’ “ indole 

0.057 

35 



0.57 X 10“’ “ indole acetic acid 

0.082 

50 



0 5 X 10“’ “ sodium cyanide 

0.070 

43 

0.130 

65 


Table III 

Effect of Oxygen Tension on Disappearance of Amine and Hydroxy Groups of Z.O Mg. 
of Tyramine Hydrochloride after Incubation for Z Hours with Rat Heart 
Suspension in Krebs’ Phosphate Solution 



NH: N disappeared from 0 164 mg. 
added as tyramine HCl 

OH groups disappeared from 0 2 mg. 
added as tyramine HCl 



per cent 

Wf. 

per cent 

Air. 


46 

0.070 

35 

lOo % oxygen 


64 

0.100 

50 


heart muscle deaminates tyramine at approximately the same rate as 
liver. 

Thiourea, in a concentration of 2.5 mg. per cc., does not inhibit the 
disappearance of either the amine or hydroxy groups, which indicates that 
a copper-containing enzyme is not concerned in the reaction. It was 
obsen-ed, however, that the incubation of tyramine with heart slices causes 
a^ black pigment to accumulate on the slices. The formation of this 
pigment, which is not methemoglobin, is inhibited bj’’ thiourea and cyanide, 
and, curiously, increased bj’' the presence of ephedrine. The amount of 
pigment formed must be verj'' small, because the subsequent estimations 
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of the amine and hydroxy groups are not apparently affected by it. It 
seems probable that a small amount of the tyramine may be converted to 
melanin by the cytochrome oxidase system, just as epinephrine is converted 
to adrenochrome. Pigment formation was not seen, however, when liver 
slices were incubated with tyramine. 

If tyramine is added to rat heart slices, no effect on the oxygen uptake 
is detectable (5). If it is added to heart suspensions in ICrebs’ phosphate 
solution, a rapid uptake of oxygen occurs. This is shown in Pig. 1. Un- 
like the amine oxidase of liver, however, the uptake does not stop when 1 
atom of oxygen is taken up per molecule. This extra oxygen uptake is 



Fig. 1 . The oxidation of 2.0 mg. of tyramine hydrochloride by rat heart suspensiOT^ 
The double arrow represents the theoretical o.xygen uptake for 1 atom o i p 
molecule. 


probably caused by the oxidation of the hydroxy groups. Tha ^ s 
the probable mechanism for the attack on this group is indicate 3 
fact that autoclaving at 20 pounds pressure in strong acid after mcu a i 
fails to increase the amount of estimatible hydroxy groups. 6^^ 
conjugation does not occur. Cocaine, ephedrine, and in oe m 
ox 3 ’gen uptake of t}Tamine 26, 37, and 30 per cent respectne y a 
jS-Phenylethylamine is deaminated very slowly by rat ear ® * . 

Ill »perim«ts, 2,9, and 18 peroant of tha amuot addadt™ 
ted in 2 horns, ivhen at the same time 70 to SO PW 'lildeami- 

amine groups disappeared. The same dry weight o 
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Bated 40 to 50 per cent of added /S-pIienylethylamine. Thus the enzyme 
in heart appears to be somewhat more specific. Mescaline added to rat 
liver slices is deaminated as indicated by the disappearance of the amine 
groups, and this is true to a smaller extent when it is incubated rvith heart 
muscle slices. It has previously been shown (6) that rat liver suspensions 
do not oxidize mescaline and heart suspensions are also inactive, which 
indicates that the intact cell structure is necessary for the oxidation of this 
amine in the rat, although this is not true for the rabbit. Possibly, as 
Blaschko (7) suggests, mescaline is oxidized by a separate enzyme. 

Guinea pig and rabbit heart inactivate tyramine at about the same rate 
as rat heart, and the effect of drugs is similar. In the guinea pig heart 
the enzyme is present in equal concentrations at the apex and the base of 
the ventricles. On the other hand, dog and cat hearts are much less active. 
Even with 200 mg. of tissue present only 20 per cent or less of the added 
tyramine is inactivated in 2 hours. Both these animals have an active 

Table IV 


Disappearance of the Amine and Hydroxy Groups of 2.0 Mg. of Tyramine Hydrochloride 
Incubated S Hours mth 230 Mg. of Dog Thoracic Aorta and ]S0 Mg. of 
Rabbit Thoracic Aorta 



NHt-N disappeared from 0464 mg. 

1 added as t>'raini&e HCl 

1 OH groups disappeared from 0.2 mg. 

1 added as tyramine HCl 


1 

Percent 

tng. 1 

1 per cent 

Dog 

0.116 

71 

0.10 

60 

Kabbit i 

0.124 

76 

0.11 1 

55 


amine oxidase in the liver. The relative inactivity of their hearts is 
therefore puzzling, especially since the dog aorta is able readily to destroy 
both the amine and hydroxy groups of tyramine. This is shown in Table 
H', which also includes the results with the rabbit aorta. 

DISCUSSION 

The experiments with tyramine described above were designed to 
investigate the properties of an enzyme which maj’^ possibly be involved in 
the inactivation of epinephrine or sympathin produced at postganglionic 
sympathetic endmgs. Epinephrine is too unstable a molecule to work 
with in vitro. The ventricular muscle seemed the best tissue for this 
myc.stigation, since Woolard (8), Nonidez (9), and others have shown that 
it IS almost e.xclusively innervated by the sympathetic S3'Btem, and ph3'si- 
ologicall3' this innervation is entirebv made up of accelerator fibers. The 
presence of what ma3’’ be called a modified amine oxidase in the ventricle, 
and also in the intestinal muscle and the aorta, is presumptive evidence 
that it ma3’ be concerned with epinephrine inactivation. But several 
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questions are raised by this assumption. First, why are the dog and cat 
hearts relatively inactive compared to those of the rat, rabbit, and guinea 
pig? Secondly, is the enzyme present in sufficient concentration to account 
for the relatively rapid disappearance of sympathetic effects? This is 
difficult to answer, for it is necessary to work in vitro with large concen- 
trations of amine, which must diffuse to the site of the enzyme. 1.0 mg. 
of dr}' weight of rat heart under the experimental conditions inactivates, 
on the average, 6 7 of tyramine per minute. This is much slower than 
the hydrolysis of acetjdcholine by the cholinesterase, but in general sym- 
pathetic effects are more prolonged than effects mediated by acetylcholine. 
Thirdly, although cocaine and ephedrine inhibit the enzyune, why is it 
necessary to use such high concentrations? There is no answer to this 
question but it should be pointed out that the two other mechanisms 
suggested for the inactivation of epinephrine, namely^ conjugation with 
sulfate or adrenochrome formation, are not inhibited at all by these drugs. 
Finally, does sympathetic denervation of the heart, which greatly increases 
its sensitivity to epinephrine, decrease the enzyme activity? It is hoped 
to answer this question in the near future. 


SUMMARY 


1. Rat, rabbit, and guinea pig ventricle slices inactivate tyramine by 
oxidation of both the amine and hy'droxy groups. Dog and cat ventricles 
are much less active. 

2. Cocaine, ephedrine, caprylic alcohol, and high concentrations of 
cyanide inhibit the deamination but have little effect on the o.xidation 0 
the hydro.xy group. Methylene blue inhibits both and thiourea has no 
effect on either. Indole and indole acetic acid inhibit deamination, u 
their effect on the oxidation of the hydroxy group could not be detei 
mined. The oxidation of both groups is affected by o.xygen tension. 

3. Equal weights of rat ventricle and liver slices deaminate tyramme at 
approximately the same rate, but the liver enzyme, as previously s own, 
leaves the hydroxy group intact. The drugs inhibit the ventrice an 
liver enzymes to the same extent. Addition of tyramine to ven nmi 
muscle suspensions results in an oxygen uptake greater than a om 
02 per molecule, which suggests the oxidation of the hy'dioxy , 
possibly the further oxidation of the ring. No conjugation 0 e 


amine or hydroxy group occurs. 

4. In the guinea pig, the enzyme is present in the same 


concentration 


at the base and apex of the ventricle. 

5. The dog and rabbit thoracic aorta inactivate tyramme 


in the same 


way as the ventricles. 

6. The significance of the enzyme for 
sympathin is discussed. 


the inactivation of epinephrine or 
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STUDIES ON TRIMETHYLAMINE OXIDE 
I. OCCURRENCE OF TRIMETHYLAMINE OXIDE IN MARINE ORGANISMS* 

Bt earl R. NORRIS and GEORGE J. BENOIT, Js.t 

(From the Oceanographic Laboratories and the Division of Biochemistry, 
University of Washington, Seattle) 

(Riceived for publication, October 16, 1944) 

Since 1909 when Suwa ( 1 ) showed the presence of hydroxytrimethylam- 
monium hydroxide, commonly called trimethylamine oxide, in the muscle 
tissue of the shark (Acanthias vulgaris), several investigators (2-21) have 
found the base to occur widely in marine and fresh water organisms. How- 
ever, no systematic study of the occurrence of the compound has been 
found in the literature. With the development of a simplified method of 
analysis based on previously suggested methods, a survey of the distribution 
of trimethylamine oxide was made possible and was carried out on biological 
materials available in the Puget Soimd region. 

EXPERIMENTAL 

Lintzel (22) devised a method for the determination of trimethylamine 
oxide based upon the reduction of the compound by means of Devarda's 
alloy in dilute hydrochloric acid. He found that choline, betaine, 7 -butyro- 
betaine, and carnitine did not interfere. 

In confirmation of Lintzel’s work, the reduction of trimethylamine oxide 
in normal hydrochloric acid in the presence of Devarda’s alloy (0.5 gm. 
per 5 ml. of solution) was found to be complete in 10 minutes at 105°, 15 
minutes at 95°, and 35 minutes at 80°. Choline, betaine, methylguanidine, 
creatine, tyrosine, cystine, glycine, and proteins were found not to interfere. 
The specificity of the method used in the present work was checked by 
isolating trimethylamine oxide from one source from which it had not been 
previously reported. 

In the analysis of marine organisms, a weighed sample of tissue or organ- 
ism was finely ground in a mortar and transferred with distilled water into 
a graduated 50 ml. centrifuge tube. The material was extracted for at 
least 2 hours at approximately 10° with frequent stirring. After centri- 
fuging, the total volume was noted, and the supernatant liquid decanted. 
This solutidn was used for the determination of trimethylamine and tri- 
methylamine oxide. 

Taken from a thesis presented by George J. Benoit, Jr., as partial fulfilment of 
jj^^’^'l'iiremcnts for the degree of doctor of philosophy. University of Washington, 

t Present address, Hercules Powder Company, Wilmington, Delaware. 
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Trimethylaraine was determined by steam distillation at 30“ under re- 
duced pressure in an all-glass distillation apparatus described elsewhere 
(23). An aliquot of the tissue extract was diluted to 5 ml. in the distilling 
flask, and the solution neutralized if necessary with n sodium hydroxide. 
It was distilled for 10 minutes into 2 ml of 0.02 n sulfuric acid, after the 
addition of 0.8 ml. of formalin and 2 ml. of 20 per cent sodium carbonate. 
The excess sulfuric acid was titrated rvith carbonate-free 0.006 n sodium 
hydroxide, with chlor-phenol red as the indicator. The difference between 
this titration and that of a blank represented trimethylamine plus traces 
of other volatile bases carried over under the conditions of the experi- 
ment. 

In the determination of trimethylamine oxide, an aliquot of tissue extract 
was diluted with distilled water to 5 ml., and 1 ml. of 6 n hydrochloric acid 
was added. The oxide was reduced by digestion for 15 minutes at 95“ 
with 0.5 gm. of Devarda’s alloy. After reduction the cooled solution was 
quantitatively transferred to the distilling flask. The solution and wash- 
ings, amounting to about 8 ml., were neutralized with 6 n sodium hydroxide. 
The distillation was carried out as described above after addition of 0.8 
ml. of formalin and 2 ml. of 20 per cent sodium carbonate. The titration 
gave total trimethylamine after reduction, from which the preformed 
trimethylamine was subtracted. The sensitivity of the method varies nith 
the amount of sample available, but in general was found to be near 0.1 
micromole of trimethylamine oxide per gm. of tissue. 

The distribution of trimethylamine oxide is given in Table I. In 
cases several values are given to show the range observed for a given 
species. The distribution in the blood and various tissues of elasmobranc 
and teleost fish is also given to show the marked difference between t cm. 
The values given for invertebrates are for muscle tissue if not otherwise 
specified; in the case of small animals the entire animal was used. 

Diatoms and marine algae were analyzed and found to be free o n 
methylamine and trimethylamine oxide. The algae analyzed were 
cyslis liitckcana, Porphyra naiadum, and Ulva lactuca, which , 

three phyla, Phyophyceae, Rhodophyceae, and Chlorophyceae mspec i 

live sea anemones of the tribe Hexactiniae of the phylum ^ oe en 
xvere analyzed and found to contain from 5.7 to j jjie 

trimethylamine oxide per gm. of body weight. Segmente wor ^ 
families, Terebellidae and Nereidae of the phylum Annula a we 
contain no trimethylamine oxide. 


Isolation of Trimethylamine Oxide 

The only positive proof of the presence of a base ^^afive and 

oxide in any organism is the isolation of some recogniz 
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Table I 

Disiribuiion of Trimethylamine Oxide in Some Marine Animah* (in Micromoles 
Per Gm. of Moist Tissue) 


Invertebrates 

MoIIuscoidea 

Terebralalia Iransversa (branchiopods) 

Ecbinodennata 

Slrongylocenlrolus franeiscanus (urcbin) 

Cucumaria miniala (sea-cucumber) 

Siichopus calif omicus (sea-cucumber) 

Mollusca 

Pelecypoda 

Oslrea japonica (Pacific oyster) 

Mylilus edulis (mussel) 

Paphia staminea (clam) 

Saxidomus gigonfeus (clam) 

Macoma inquinata (clam) 

Cardium cabyorniensc (cockle) 

" corbis (cockle) 

Peclen hericius (scallop). Muscle 

" " Organs 

“ hindsii (scallop). Muscle 

" " Organs 

“ jordani. Muscle 

Atnpbineura 

Kaiherina (unicata (black chiton) 

Cryptochilon stelleri (giant chiton) 

Gastropoda 

Anisodoris nobilis (sea slug) 

Thais lamellosa (snail) 

Littorina silchana (snail) (entire animals) 

Cephalopoda 

Polypus hongkongensis (octopus) 

Poligo opalescens (squid) 

Arthropods (Crustacea) 

Copepoda (entire animals) 

Mixture; largely Corycaeus affinis, Calanus finmar- 
chius, Tortanus discaudalis, and Epidabiocera am’ 

phritcs 

Mixture; nearly completely Corycaeus ajfinis 

Cirripedia 

Salanus cariosus (barnacles) (entire animal) 

“ nutilo (barnacles) 

Amplupodasp. (sand-flea) (entire animals) 

Dccapoda 

Pandalus danae (shrimp) 

Pagurus alaskensis (hermit crab) 

'' ocholcnsis " “ 

“ selosis (hermit crab) 


Negligible 

(( 

tl 

it 

it 

tl 

II 

It 


13, a 
23 

46, SO, 39, 52, 48, 41, 45, 52, 
32 

4.6, 4.0, 2.2, 2.3 
77, 30,56, 38, 71,61,38 
8, 5,0 
32 

Negligible 

It 

tl 


tt 


17 

107, 111 


45 

16 

17 

52, 63, 42, 71 

2.2 

48, 28, 63 

26 

47 

40 
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Tabix I — Concluded 
Invertebrates — continued 


Pagarus Icnuimanus (hermit crab) 30, 28 

Oregonia gracilis (spider crab) 13 

Pugeilia “ " “ g 

Cancer gracilis (crab) 22 

" productus " 46 

Hemigrapsus nudus (shore crab) 11 


Vertebrates 

Elasmobranch fish 

Squalus suckleyi (dogfish). Muscle 135, 8S, blood serum 64, kidney 42, liver 8, 
18, pancreas 73, spleen 62, stomach 86 
Hydrolagus collici (ratfish). Muscle 121, 134, blood serum 7.5, 6.5 
Teleost fish 

Sehaslodcs sp. (rock fish). Muscle 10, 40, 46, 38, 48, heart 21, skin 7, liver 0.7, 
0.8, blood serum, eggs , kidney, gill-rakers, spleen , stomach, intestine all negligible 
Scorpacnichlhys marmoratus (bull cod). Muscle 46; blood serum negligible 
Plfeuroncctidae sp. (flounders). Muscle 20, 21, 19, blood serum negligible 
Roccus sasatilis (sea bass). Muscle 44 
Tacniotoca lateralis (blue perch). Muscle 48 

Oncorhynchus kisutch (silver salmon). Muscle (adults caught in salt water) 6,2, 
6,5, (adult spawning fish) 8.3 

Oncorhynchus tschawylscha (king salmon). Muscle (fresh .water fingerling) 0-0.0, 
(adults caught in salt water) 7,1, 8.3, (adult spawning fish) 2.1 

* We wish to thank Professor Trevor Kincaid for having supplied us with the 
names of many of the organisms studied. We wish also to thank Mr. Richard T. 
Smith of the Washington State Deportment of Fisheries and Professor Lauren B. 
Donaldson for having procured some to the specimens used. 


its identification. Because of the time required the isolation and charac- 
terization of trimethylainine oxide were confined to Pecten muscle. 

An aqueous extract of 1.6 kilos of adductor muscle of Pecten henct^ 
was deproteinized tvith tannic acid in the pre.v,ence of phosphoric aci. 
The clear filtrate was neutralized with sodium hydroxide and ev^ora 
under reduced pressure on the water bath. The residue was e rac 
repeatedly with methanol at eO-fiS”, the insoluble portion being 

The methanol filtrate was evaporated to a syrup which was repeated y 
extracted with 96 per cent ethanol. The base was precipitate ro® 
extract as the picrate by addition of a saturated solution of pionc 
ethanol. After recrystallization from ethanol, the ciystas were 

over calcium chloride. . , , the 

The melting point of trimethylamine oxide picrate is „uthors 

literature to be in the range 196-202°, with decomposi 
found the melting point of pure trimethylamine oxide picra p 
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alcoholic solution to be 198-199°,' that of the picrate from Peclen 199-201°, 
and the mixed melting point 196-197°, all melting with decomposition. 

Part of the trimethylamine oxide picrate from Peden was converted to 
the aurichloride. The gold value indicated the salt to be analytically pure 
hydroxytrimethylammonium aurichloride. 

(CH,)jNOH-AuCli . Calculated, Au 47.5; found, 47.4 
DISCUSSION 

Trimethylamine and trimethylamine oxide were not found in marine 
algae or in diatoms. 

Of the invertebrates studied only one phylum, namely Arthropoda, of the 
class Crustacea, showed trimethylamine oxide in every species analyzed. 

Of the Mollusca, trimethylamine oxide was not found in the species 
analyzed of Gastropoda or Amphineura. It -was found in Cephalopoda, 
in which it had been previously reported. Pelecypoda showed occasional 
occurrence. It was present in all specimens of Peclen and Cardium ana- 
lyzed. It was not found in the oysters, mussels, or clams analyzed. The 
base was isolated from the muscle of the Peden and sho\vn to be trimethyl- 
amine oxide. 

Of the phylum Chordata, tunicates and fish were analyzed. Tunicates 
did not show an appreciable amount of trimethylamine oxide. Both 
elasmobranch and teleost marine fish contain the oxide in their muscles; 
however, only the elasmobranchs had measurable amounts in the blood. 

The above findings raise the interesting and as yet unsolved problem as to 
the origin and metabolic function of trimethylamine oxide. The occurrence 
in all marine arthropods, even in copopods, would indicate that it is of 
endogenous origin and has some fundamental function in the metabolism 
of this group. Of the other invertebrates and vertebrates in which it is 
found occasionally the question arises as to whether it is endogenous, formed 
in the metabolism of the animal, or entirely of exogenous origin, being ob- 
tained from the food. "While no hard and fast rule can be formulated, it 
appears that the herbivorous animals living on algae or phytoplankton or 
carnivorous animals living on herbivorous animals do not contain appreci- 
able amounts of trimethylamine oxide, while those living upon zooplankton 
(copopods) or other crustaceans or upon crustacean eaters do contain 
trimethylamine oxide. 


SUMMARY 

Trimethj'Iamine oxide was found to be of general occurrence in marine 
Crustacea. Occurrence in other marine organisms is reported. 

* AU melting points arc corrected. 
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In contrast to the results obtained with elasmohranch fish, the blood of 
marine teleost fish contained no appreciable trimethylamine oxide. 

Trimethylamine oxide was isolated from the muscle tissue of Pecten 
hcricius. 
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STUDIES ON TRIMETHYLAMINE OXIDE 
II. THE ORIGIN OF TRIMETHYLAMINE OXIDE IN YOUNG SALMON* 
By GEORGE J. BENOIT, jB.,t and EARL R. NORRIS 

{From the Oceanographic Laboratories and the Division of Biochemistry, 
University of Washington, Seattle) 

(Received for publication, October 16, 1944) 

Trimethylamine oxide has been found -widely distributed in marine fish; 
however, its origin or its function in metabolism is not known. Hoppe- 
Seyler (1) found it in the muscle, blood, and urine of elasmobranchs along 
tvith high concentrations of urea and suggested that it played a role similar 
to that of urea. He considered it to be a weakly basic, non-toxic end-prod- 
uct of nitrogen metabolism which assisted in maintaining osmotic pressure 
and -water balance. The fact that trimethylamine oxide is not found in 
the blood of marine teleost fish (2), in contrast to the relatively high con- 
centration in the blood of elasmobranchs, may suggest a different function 
in metabolism. 

Beatty (3) analyzed muscle extracts of eel {Anguilla roslrala) from in- 
dividuals living in fresh water and also from those found in brackish water, 
and found appreciable quantities of trimethylamine oxide only in the 
latter. 

The trimethylamine oxide content of the muscle tissue of fresh water 
fish has been found to be negative or very low. This is true also of the 
muscles of young salmon while they are still in fresh water. Adult salmon 
taken from salt water contain about 8 micromoles of trimethylamine o.xide 
per gm. of tissue. 

The greater amount of trimethylamine oxide in the muscle tissues of 
salmon in salt water might be of endogenous origin and associated with the 
change of osmotic requirements with environment, or might be derived from 
e.xogenous sources. 

If the trimethylamine oxide is of endogenous origin, the transference of 
young salmon from fresh to salt water while they are maintained on a 
trimethylamine oxide-free diet should give rise to an increase of the base 
m the muscle tissue. In the following e.xperiment such a test w’as carried 
out. 

* Taken from a thesis presented by George J. Benoit, Jr., as partial fulfilment of 
the requirements for the degree of doctor of philosophy. University of Washington 
1942. 

t Present address, Hercules Powder Company, Wilmington, Delaware. 
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EXPEniMENTAL 

Tiv'enty-five 1 year-old Chinook salmon {Oncorhynchus tschawylsdia) n-ere 
placed in two connected tanks, each of 40 liters capacity. The water was 
circulated by a small centrifugal pump which forced it through a sand 
filter, and was aerated constantly. 

The temperature of the water w'as maintained at about 10° by 
of cooling coils. 

The water W'as changed from fresh water to the salinity of sea water in a 
step^vise manner, the volume fraction of salt water being increased by one- 
eighth about every 5 days. At each change of salinity the tanks were 
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Fio. 1. Trimethylamine oxide concentration in young saimon and the chlorimty 
of the environmental water during the transition from fresh to sea water. The 
shaded bar represents values of trimethylamine oxide concentration in muscle tissue 
of adult Chinook salmon caught in salt water, 

thoroughly cleaned. When the salinity was equal to that of sea water, 
the fish were transferred to an aquarium with circulating salt water mam 
tained at approximately 10°. The salinity of the water was determme 
at each step by the Mohr method for total hafide. During this peno , 
the diet of the fish consisted of ground fresh beef liver. 

Specimens taken periodically for analysis were killed and the ^ j 
cera, and tails removed. The carcasses were ground and analyz m 
manner described previously (2). 


Results 

The variation of the trimethylamine oxide content of the 
plotted against time, and the change in the concurren c o 
environmental water plotted against time, are given in Jfig. 
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After the fish had been in sea water for 8 days, they were divided into 
two groups and placed in separate tanks. One group was continued on the 
liver diet, and the other was fed a diet which consisted of 50 per cent liver 
and 50 per cent of some trimethylamine oxide-containing material (sahnon 
meal for 1 week, then ground Pecien hericius muscle tissue). At weekly 
inteiv^als a fish was removed from each tank and analyzed for trimethyl- 
amine oxide content. Results are given in Fig. 2. 

Throughout the experimental period the fish appeared to be in excellent 
condition. 



DAYS 

Fig. 2. Trimethylamine oxide concentration in young salmon on different diets 

DISCUSSION 

During the period of increasing sahnity there was no significant variation 
in trimethylamine oxide content of the young sahnon on the liver diet; 
even after they had been in sea water for 5 weeks they showed no increase. 
It is assumed that there would not have been an increase over a longer 
experimental period, but the results show that an increase in the trimethyl- 
amine oxide of the tissues over that present while the fish are in fresh water 
is not necessary for normal activity of 3mung Chinook salmon either en- 
countering or in salt water. 

On the other hand, when the jmung salmon were fed trimethylamine 
o.xide-containing material, there was a rapid accumulation of the compound 
m the muscle tissue. The concentration in the tissues attained that present 
in the normal marine adults after 3 weeks on the diet. 

These results strongly suggest that^ at least in the case of salmon, the 
occun-ence of trimethylamine oxide in large amounts in the muscle tissue 
is due to the accumulation of ingested trimethjdamine o.xide, rather than to 
an endogenous metabolic function. 

The reason for the decline in trimethylamine oxide content after the 3rd 
week on the trimethylamine oxide-supplemented diet (Fig. 2) probably lies 
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in the feeding habits of salmon. Isolated salmon will eat but little if at 
all. The last two fish on the tiimethylamine oxide-containing diet did not 
feed well. 


smiMAnY 

When the environment of young Chinook salmon was changed from fresh 
to sea water ■while the fish were on a trimethylamine oxide-free diet, there 
was no significant change in the trimethylamine o.'dde concentration in 
their muscle tissues. 

When young Chinook salmon in salt water were fed a diet which contained 
trimethylamine oxide, some of the compoimd was retained in their tissues. 
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. STUDIES ON TRIMETHYLAMINE OXIDE 

III. TRIMETHYLAMINE OXIDE EXCRETION BY THE RAT* 

By earl R. NORRIS and GEORGE J. BENOIT, jR.f 

{From the Oceanographic Laboratories and the Division of Biochemistry, 
University of Washington, Seattle) 

(Received for publication, October 16, 1944) 

The feeding of choline, betaine, trimethylamine, or trimethylamine oxide 
to mammalian animals has been reported to give rise to an increased urinary 
excretion of trimethylamine or trimethylamine oxide (1-9), although some 
workers failed to find such an increase (10, 11). Trimethylamine and 
trimethylamine oxide are excreted rapidly and nearly quantitatively, largely 
as the oxide. 

Wiinsche (12) found that intestinal bacteria could split trimethylamine 
from trimethylamine oxide and choline, but only in traces from betaine. 
Muller (8) ascribed the increased trimethylamine excretion he found from 
choline-fed dogs to this source. 

If the trimethylamine or trimethylamine oxide which arises following 
the feeding of choline is due solely to absorption and excretion of the 
products of intestmal bacterial action on this compound, then differences 
in excretion should be encountered, depending on whether the compound 
is given by mouth or injected. 

The urinary excretion of trimethylamine oxide following the feeding and 
injection of choline, trimethylamine oxide, and related compounds was 
studied in the albino rat. 


EXPERIMENTAL 

Rats 28 days of age were put in indmdual metabolism cages with screen 
bottoms, so designed that the urine and feces might be collected sep>- 
arately. The basal diet and distilled water were administered ad libilum. 
A basal diet low in trimethylamine and trimethylamine oxide was prepared 
from casein 18, com-starch 58, Hawk-Oseri salt mixture 4, dried j^east 10, 
cod liver oil 2, and Crisco 8 per cent. The diet was foimd to have no 
detectable trimethylamine or trimethjdamine oxide by the method used. 

The compounds studied were prepared in solutions of such a strength 

* Taken from a thesis presented by George J. Benoit, Jr., as partial fulfilment of 
the requirements for the degree of doctor of philosophy. University of Washing- 
ton, 1942. 

t Present address, Hercules Powder Companj’, Wilmington, Delaware. 

'Hawk, P. B., and Oscr, B. L., Science, 74, 369 (1931). 
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that 0.1 or 0.2 ml. contained the desired amount to be administered. When 
given orally, the sample was diluted with milk. Injections were made 
intraperitoneally. 

The urine was preserved with sulfuric acid during collection. The 48 
hour specimens following the administration of the compound to be studied 
were analyzed without delay for trimethylamine and trimethylamine o-ride 
by the method previously described (13), 5 ml, portions being used for each 
analysis. 

The relatively high concentration of ammonium salts as contrasted with 
those present in extracts of fish, etc., necessitated the use of 1.3 ml. of 
formalin per 5 ml. of urine and decreased the reproducibility of results to 
zfc0.02 ml. of 0.006 N sodium hydroxide. A blank obtained by distilling 
solutions of the same concentration of c.p. ammonium salts in distilled water 
was subtracted from the titrations for urine. 

The results indicate that the order of magnitude of trimethylamine in the 
normal urine of both the rat and man is much lower than that of tri- 
methylamine oxide. This confirms the conclusion of Erdmann (14), who 
could find no trimethylamine in fresh normal human urine. From bis 
results and the similar ones of Takeda (15), it is probable that the tri- 
methylamine from time to time reported to be present in human urine 
(16-18, 9) resulted either from bacterial or other reduction oi part of the 
trimethylamine oxide present or from the decomposition during the analy- 
tical procedure of closely related compounds which occur normally in unne. 
Evidence for reduction w'as foimd by several workers (15, 5, 9). 

The experiments were conducted over an 8 week period when the animals 
were 10 to 18 weeks of age. 

Controls, which were fed the quantity of milk used for the oral ingestions, 
or into which were injected 0.2 ml. portions of distilled water, showed no 
change in trimethylamine or trimethylamine oxide excretion. 


ResxUts 

The results of these experiments are given in Table I, expressed “ 
excretion plus and minus the average deviation from the mean. ^ 
means less than 0.04 micromole per ml. . , , 

In order to study further the excretion of trimethylamine and tnme 
amine oxide following injection of trimethylamine hydrochlon ^ 
twelve rats was injected intraperitoneally with 49 micromoles o ® 
stance. Analyses were made on pooled urine samples collecte a m 
of 6 and 12 hours for 48 hours. The results are given in a e ^ 

At the conclusion of these experiments, the rats were ^ e 
groups. One group was fed 8 to 10 gm. ^codfish ^ °Q^jed basal 
other the same amount of beefsteak. The animals were p 
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diet and distilled water ad libitum. The rats were then killed by chloro- 
forming and the muscles excised and analyzed. The urine from the rats 
of each group was pooled and analyzed at the end of the experiment. 

Tabue I 


Urinary Excretion of Trimelhylamine and Trimethylamine Oxide hy Young Albino 
Rais Follovnng Feeding or Injection of Choline, Betaine, Trimelhylamine Hydro- 
chloride, and Trimelhylamine Oxide 


a 

.§ 

u 

V) 

No. 
oi 
\ ani- 
mals 

Compound 

administered 

1 

Method of 
administration 

Excretion per rat, per 48 hrs- 

Trimethyl- 
amine ] 

1 

Trimethyl- 
amine oxide 

Trimethylamine 
-f trimethyl- 
amine onde 




wicre- 1 
moUs 

1 

mtcromoles 

fniercmohs 

nicrcmoles 

1 

12 

Basal diet only 


1 

0 

3 ± 1 

3 ± 1 

2 

10 

Choline chloride 

112 

Feeding 

0 

33 ± 5 

33 ± 5 

3 

12 


112 

Injection 

0 

5.5 it 2.5 

5.5 ± 2.5 

4 

12 

Betaine 

114 

Feeding 

0 

5 ± 2 

5 ± 2 

S 

■nl 

<1 

114 

Injection 

0 

4 ± 2 

4 ± 2 

6 

“ 1 

Trimethylamine 

113 

Feeding 

4 ±2 

67 ± 7 

71 ± 7 



oxide 







12 

<( it 

113 

Injection 

4 ±1 

76 ± 11 

80 ±10 


S 

Trimethylamine 

49 

Feeding 

5.5 ±2 

30 ± 6 

35 ± 7 



hydrochloride 



1 

1 




12 

tt <t 

49 

Injection 

11 ±3 

1 

26 ± 8 

38 ± 10 


Table II 

Urinary Excretion of Trimelhylamine and Trimelhylamine Oxide by Young Albino 
Rats Following Inlraperitoneal Injection of 49 Micromoles of Trimelhylamine 
Hydrochloride into Each of Twelve Rats, As Function of Time Since Injection 
The results are for pooled urine. 


ffime after injection 

Excretion per time interval 

' Trimethylamine 

: Trimetbylamine oxide 

Trimethylamine + trime- 
thylamine oxide 

krs. 

micTotfxclcs 

fnicTomoUi 

rticror%oUs 

0- 6 

69 

195 

264 

6-12 1 

14 

61 

75 

12-24 i 

3.7 

54 

58 

24-36 1 

0 

33 

33 

36-48 

0 

12 

12 

Total 

87 ; 

355 
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This experiment would test the reaction of the animals to a normal 
ingestion of trimethylamine ojdde and other bases found in fish and of cho- 
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line in meat. Also, a determination of the trimethylamine o.'dde concentra- 
tion in the muscle tissue of the animals on the fish diet would indicate 
whether or not there was any accumulation of the comjlound in the muscle 
tissue, as there is in marine fish (19). 

The codfish used assayed at the beginning of the experiment 0.9 micro- 
mole of trimethj'lamine per gm. and 43 micromoles of trimethylamine o.’dde 
per gm. 

The group on the fish diet ingested 17,000 micromoles of trimethylamine 
oxide and 360 micromoles of trimethylamine, calculated on the basis of no 
further reduction of trimethylamine oxide. 

Table III gives the urinar 3 ' e.xcretion of trimeth 3 ’lamine and trimethvl- 
amine oxide of the two groups. 

Kapeller-Adler and Ivrael (20) claimed to have shown the presence of 
trimethj’lamine oxide in mammalian muscle to the e.xtent of 8 rag. per cent 


Table III 

Urinary Excretion of Trimethylamine and Trimethylamine Oxide by Eats on Meal 
and on Fish Diet Supplements 

The values represent the I week collection; six rats in each group. 



(1.1 micromoles per gm.). We could not confirm their results by our 
method of analj'sis; a determination on beefsteak indicated a concentration 
of trimethylamine o.xide less than 0.04 micromole per gm. Analj’sis of t e 
muscle tissue of 4 week-old rats showed that if anj' trimethj’lanune on e 
was present its concentration was less than 0.07 micromole per gm- ® 
concentration of trimethylamine oxide in muscle tissue of the rats whic s 
been on either the meat diet or the fish diet for 1 week was less than ■ 
micromole per gm., indicating that there was no accumulation o e 
compound in the muscle tissue after ingestion of rather large amoun s 
triraethjdamine o.'dde. 


Isolation of Trimethylamine and Trimethylamine Oride from Ral Un 

As the method of determination of trimeth)'lamine and 
oxide is based on the non-specific titration of a volatile base, t e on j 
of the presence of the bases is the actual isolation and identifica i 
known derivative. 
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The small amount of trimethylamine oxide present in the urine of the 
rats on the basal diet with no supplements was not conducive to its separa- 
tion and identification. Instead, the trimethylamine resulting from its 
reduction was isolated. 

4 liters of the reduced urine were treated with formah'n (250 ml. per liter 
of urine) and sodium carbonate solution. It was then steam-distilled at 
30° under reduced pressure into excess sulfuric acid. After being redistilled 
several times, the base was precipitated as the aurichloride and reciystalized 
from absolute alcohol. 

(CH»)jHNAuCli. Calculated, Au 49.5; found, 49.3 

600 ml. of the filtered accumulated urine of the rats on the fish diet, 
as described above, were acidified with sulfuric acid and freed of some 
impurities by two partial precipitations with phosphotungstic acid. The 
resulting filtrate was treated with excess barium chloride and rendered 
slightly alkaline by the addition of sodium hydroxide. The filtrate was 
steam-distilled at 30° under reduced pressure for 5 minutes to remove 
ammonia and trimethylamine. The barium was then removed with carbon 
dioxide and the neutral filtrate concentrated in vacuo on the water bath to a 
thick syrup. The residue was extracted with methanol; after filtration, 
the filtrate was evaporated to a thick syrup in vacuo on the water bath. 
This process was then repeated three times with absolute ethanol. The 
filtrate from the last extraction was treated with saturated absolute alco- 
holic mercuric chloride to complete precipitation of the trimethylamine 
oxide. The precipitate, separated by centrifuging, was dissolved in water 
and decomposed with hydrogen sulfide. The clear filtrate was concentrated 
on the water bath to a small volume and the trimethylamine oxide was 
precipitated by the addition of 30 per cent chloroauric acid in 2.5 n hydro- 
chloric acid. The crystalline precipitate was recrystallized from 5 N 
hydrochloric acid. 

(CHiljNOHAuCh. Calculated, Au 47.5, found, 47.5 
DISCUSSION 

When choline was fed, a noticeable increase of urinary trimethylamine 
oxide was found. However, there was no emdence that injected choline 
was converted to trimethjdamine oxide. There was practicallj’’ no dif- 
ference in trimethylamine oxide e.xcretion following the feeding and injec- 
tion of betaine. These results tend to confirm the conclusion that bacterial 
action in the intestine is responsible for the formation of trimethylamine or 
trimethylamine oidde, followed by^ excretion as trimethylamine oxide. 

Both ingestion and injection of trimethylamine oxide and trimethjdamine 
gave rise to the excretion of some trimethj’lamine. When trimethjdamine 
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was injected, some Avas rapidly excreted per se, perhaps before it could be 
oxidized. Triroethylamine o.\'ide ivas at least partly reduced, since some 
e.xcretion as trimethylamine occurred. The site of the reduction other than 
bacterial reduction in the intestine may be the liver, as Ackermann, Poller, 
and Linneweh (21) have shown that mammalian liver in vitro is capable of 
reducing trimethylamine oxide in part to trimethylamine. 

The small amounts of trimethylamine o.xide e.vcreted by animals fed the 
basal diet alone as ivell as the increased excretion when the diet was supple- 
mented with beefsteak can probably be attributed to dietary choline. 

StraiMAKY 

There was a noticeablj' greater excretion of trimethylamine o.ride when 
choline was fed to albino rats than when the same amount was injected 
intraperitoneally. Thi^ suggests that the trimethylamine oxide arose from 
the action of intestinal bacteria on choline. 

When trimethylamine and trimethylamine o-xide were fed to or injected 
into rats, the compounds were rapidly and nearl 3 '’ quantitatwely excreted, 
largely as the oxide. 
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THE HEMATOPOIETIC ACTIVITY OF XANTHOPTERIN IN 

YOUNG SALMON 

By EAEL R. NORRIS and RICHARD W. SIMMONS 

{From the Oceanographic Laboralories and the Division of Biochemistry, 
University of Washington, Seattle) * 

(Received for publication, November 14, 1944) 

Since the first report from this laboratory of the hematopoietic actitfit 3 '’ of 
xanthopterin when administered to young salmon (1) several papers have 
appeared (2-7) suggesting a possible role of xanthopterin in nutrition and 
especially linking it with folic acid, tdtamin M, and possibly vitamin 

Be. 

There is considerable difference in the nutritional requirements of various 
types of animals. When yoimg salmon and trout are fed synthetic diets 
which are adequate for the rat, the fish become anemic and the mortality 
is high. Ascorbic acid does not improve the diet, but the addition of 20 to 
40 per cent of fresh liver renders the diet adequate for fish (8). Phillips (9) 
suggested that anemia be used as an index of factor H (10) deficiency; 
however, this factor is probably complex and made up of more than one 
component. The following experiments demonstrate the role of xanthop- 
terin in alleviating fish anemia. 

EXPERIMENTAL 

The young salmon used in these experiments were reared in hatchery 
ponds on a diet of 20 per cent liver and 80 per cent spawned-out salmon. 
The fish in each pond showed a considerable variation in erji;hrocyte count 
and contained a fairly large proportion of more or less anemic fish. The 
variation between members of the same pond was attributed largel 3 ' to the 
individual’s ability to obtain natural food in the form of insects. In spite 
of the great variation in er 3 ’throc 3 ’te count of fish taken at random from a 
pond, groups of fish ha^dng a uniform er 3 ’throo 3 de count could be selected 
from each pond on the basis of gill color. Table I gives representative 
results obtained by taking a group at random from such a pond and also 
the values obtained on groups selected according to gill color. The random 
group, C, Table I, gives evei 3 ' third value from a group of 60 fish uith actual 
counts which ranged from 50,000 cells per c.mm. to 1,200,000 cells per 
c.mm., vith a standard de\'iation of 300,000 cells per c.mm. Selection 
b 3 ’ gill color gave more uniform groups of animals with standard denation 
of approximatel 3 ’- 30,000 cells per c.mm. 

To show the hematopoietic effect of xanthopterin on 3 ’oung salmon, two 
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lots of 9 month-old Chinook salmon (Oncorhynchus tschawylscha), hatched 
from eggs taken in the fall of 1940, were selected according to gill color. 
One of the lots had an average count of 800,000 cells per c.mm. (Lot A) 
and the other 1,300,000 cells per c.mm. (Lot B). The fish of Lot A were 
divided into groups and placed in four troughs, those of Lot B into two 
troughs. ^1 the troughs were screened so that insects would not be 
available to the fish. The water temperature during the experiments 


Table I 

Individual Erythrocyle Counts (Cells per C.mm.) on Young Chinook Salmon 


Group C, taken at 
random 

Group G. R.« selected 
by gill color 

Group I. L., selected 
by gill color 

Group I. H., selected 
by gill color 

1150 X W 

690 X 10‘ 

740 X 10‘ 

1470 X 10’ 

020 

740 

820 

1180 

610 

070 

880 

1300 

120 

780 

840 

1270 

990 

680 

730 

1310 

100 

720 

760 


1200 

690 

770 


1100 

760 

850 


890 

080 

860 


m 

730 

820 


310 


1 770 


500 


830 


220 


790 


31CP- 


780 


360 


740 


480 


770 


190 


810 


100 


830 


420 


790 


790 


840 



ranged from 10-13°. The experimental fish were fed ground spawned-ou 

salmon. j • ht) 

Three levels of .xanthopterin (10, 20, and 40 mg. per kilo of body weig 
were injected into three of the groups of Lot A, the fourth group being ep 
for .a control. One of the groups of Lot B was injected nith 2 . 

xanthopterin per kilo of body w'eight and the second kept for ® ^ ^ 
Erj’throcyte counts were made on the 1st, 2nd, 3rd, 5th, 8th, an 
after injection. The results are given in Fig. 1. Because o ® 
size of the fish, the animals must be sacrificed in obtaining the oo . 
cell count. Each point on the curves represents the ° jjg 

determinations to reduce the standard error of each mean : 
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Fro. l..Postinjection erythrocyte counts on young Chinook salmon injected with 
synthetic xanthopterin. Curve 1, controls for Lot A, no injection; Curve 2, group 
of Lot A, injected with 10 mg. of xanthopterin per kilo of body weight; Curve 3, 
group of Lot A, injected with 20 mg, of xanthopterin per kilo of body weight; Curve 4, 
group of Lot A, injected with 40 mg. of xanthopterin per kilo of body weight; Curve 5, 
controls for Lot B, no injection; Curve 6, group of Lot B, injected with 20 mg, of 
xanthopterin per kilo of body weight. 



Fia. 2. Postinjection erythrocyte counts on young salmon of different species 
injected with 20 mg. of xanthopterin per kilo of body weight. Curve 1, Chinook 
salmon {Oncorhynchxts tsehawyischa); Curve 2, silver salmon (0. kisulch); Curve 3, 
sockeye salmon (0. nerka). 
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The response of groups of Lot A on different levels of xanthopterin showed 
a correlation between the amount injected and the rise in cell count. The 
highest recorded counts approach a maximum value between 1,550,000 and 
1,600,000 cells per c.mm. Approximately the same maximum value was 
reached when 20 mg. per kilo were injected into the fish of Lot B. 

A number of erythrocyte counts were made on apparently normal wild 
salmonoid fish, some caught in fresh and others in salt water. There was 
considerable variation among the wild fish; however, the highest values 
did not exceed the maximum values obtained in the above experiments. 
It appears that values between 1,500,000 and 1,600,000 cells per c.mm. 
might be considered as a normal maximum of optimum cell coimt. Cell 
counts were made on wild Chinook salmon, silver salmon, and steelhead 
trout. 

In order to test the effect of xanthopterin on different species of salmon 
of approximately the same age, lots of silver salmon (Oncorhynchtis kisulch) 
and sockeye salmon (Qncorh^chus ncrka) were selected according to gill 
color and run parallel with the experiment on Chinook salmon. All the 
■conditions of the experiment were kept the same. The two lots of fish 
were each divided into two troughs. One group of each lot was injected 
with 20 mg. of xanthopterin per kilo of body weight and the other kept for 
a control. Fig. 2 show’s the relative response obtained with the three species 
of salmon, starting wth approximately the same cell count and receivmg 
20 mg. of xanthopterin per kilo of body w’eight. All three species gave a 
rapid rise in cell count following injection. How'ever, the response varied 
w’ith the species; Chinook salmon gave the greatest and sockeye the least 
increase. The sockeye salmon -were slowest in returning to the original 
value. 

The authors w’ish to thank Mr. Lloyd Royal of the Wastogton State 
Department of Fisheries for the generous provision of facilities for t s 
work, and particularly Mr. Richard T. Smith of that department for s 
assistance. 

SUMMARY 

1. Young experimental fish of relatively uniform erythrocyte count may 
be selected from a random sample of a pond by gill color, i. l on 

2. Xanthopterin has a hematopoietic action on young Chinoo sa i 
which is correlated -with the dosage of xanthopterin used. 

3. A maximum cell count of approximately 1,600,000 
regardless of the dosage of xanthopterin or the initial cell coun o 

4. A species variation in response to injected xanthopterin was ob 
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between three species of the genus Oncorhynchus: Chinook salmon, silver 
sahnon, and sockeye salmon. 
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THE USE OF DIAZOTIZED p-AMINOACETOPHENONE IN THE 
DETERMINATION OF ^HTAMIN Be (PYRIDOXINE) 

By ELMER B. BROWN, ALBERT F. BINA, and JAAIES M. THOMAS 
{From the Anheuser-Busch Laboratories, St. Louis) 

(Received for publication, December 30, 1944) 

Swaminathan (1), in 1940, published a chemical method for the de- 
termination of pyridoxine, with diazotized sulfarulic acid as the color 
reagent for pyridoxine. The results obtained by this method were in 
good agreement with data published by a bioassay method of Waisman and 
Elvehjem (2). The procedure used to free the extracts of interfering 
substances was, however, long and difficult to perform. Bina, Thomas, 
and Brown (3) published an improved chemical procedure for the de- 
termination of vitamin Be, with diazotized sulfanilic acid as the color 
reagent. These authors employed alkaline ethyl alcohol as a selective 
solvent which aided in the purification and served to stabilize the color 
reaction. 

A new diazo reaction for pyridoxine is described in this paper. The 
reagent is diazotized p-aminoacetophenone. The alkaline modification 
of this reagent was first used by Prebluda and McCollum (4) for the de- 
termination of thiamine. In the method reported here the diazo reagent 
is used for the reaction with pyridoxine immediately' after the sodium 
nitrite treatment, without subsequent treatment with alkali. This re- 
agent produces a good color with pyrido.xine and is more sensitive and 
specific than diazotized sulfanilic acid as previously described by' Swam- 
inathan and the present authors. This sensitivity, we believe, is due to 
the fact that the color reaction is produced at a pH of 7.0 to 7.3 instead 
of at the higher pH of 10 to 11 which is necessary' when diazotized sulfanilic 
acid is employed as the color-producing reagent. Solutions containing from 
0.5 to 2.0 y of py'ridoxine per ml. are readily measured by' this procedure. 
While the specificity and sensitivity of this reagent are increased over that 
of diazotized sulfanilic acid, the stability of the color is not as good. That 
IS, the color develops to a maximum within 2 to 5 minutes, after which it 
gradually fades. The time interval, however, between maximum color 
development of the complex and the start of fading is ample to permit of 
accurate reading. 

The use of diazotized p-aminoacetophenone instead of sulfanilic acid in 
the color development permits the employment of sy'nthetic resins instead 
of sodium tungstate in the purification process. The substitution of this 
simple adsorption step with Amberlite for the complicated technique and 
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voluminous precipitates involved in the sodium tungstate treatment 
materiall}' simplifies the method. 


Preparation of Reagents 

Sohition I — 3.18 gm. of p-aminoacetophenone are dissolved in 45 ml. 
of concentrated hydrochloric acid, and then diluted to 500 ml. vdth dis- 
tilled water. This solution is kept in a glass-stoppered volumetric flask 
and stored in the ice box when not in use. Under these conditions the solu- 
tion is stable for at least 2 months. Prebluda and McCollum (4) found 
it stable for at least 6 months. 

Solution II — 1.5 gm. of sodimn nitrite are dissolved and made up to a 
final volume of 100 ml. with distilled water. 

Solution III — 2.0 ml. of Solution I are measured into a 25 ml. brown, 
glass-stoppered graduate, placed in an ice bath, and then 2.0 ml. of Solution 

II are added. The solution is kept in the ice bath for 10 minutes with 
occasional whirling, after which 8.0 ml. more of Solution II are added. 
The graduate is allowed to stand an additional 20 minutes with occasional 
whirling of the tube. With the completion of this reaction the diazo 

, reagent is ready for use. This reagent should be used within an hour 
after preparation. 

Solution IV — ^Alkaline ethyl alcohol; made by diluting 2 ml. of a 25 per 
cent NaOH solution to 100 ml. with 95 per cent ethyl alcohol. 

Solution V — ^Acetic acid solution; 8.0 ml. of glacial acetic acid diluted 
to 100 ml. with distilled water. 

Solution VI — ^Acetate buffer, pH 4.5; 54.4 ml. of glacial acetic acid and 

III gm. of hj'drated sodium acetate crystals dissolved and diluted to 1000 
ml. with distilled water. 

Solution VII — Sodium acetate solution; 50 gm. of hydrated crystals 
dissolved and diluted to 100 ml. with distilled water. 

Solution VIIJ — A standard solution of pyridoxine contaming 100 T 
ml. This solution is made slightly acid (pH 4.5) with sulfuric acid an 
kept in a brown glass flask in the ice box. A daily working standard con 
taining 10 y per ml. is prepared from this solution. 


Color Development 

The color development step proceeds as follows: To 10 ml. 
holic solution at pH 7.0 to 7.3 containing from 5 to 25 r of pyn ua 
e added 2.0 ml. of distilled water, followed by 2.0 ml. of 50 per 
'drated sodium acetate (Solution ^UI), and then 1 ml. of • 

olution III). The contents of the reaction graduate 
srting the cylinder after the addition of each reagent. ^ 
tion and mixing of the sodium acetate solution, the solution, 

ir a few seconds to allow all the air bubbles to escape fr 
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Then 1 ml. of the diazo reagent is allowed to run slowly do^vn the side 
of the reaction cylinder, the formation of air bubbles being avoided. The 
contents are again mixed gently. The 1 ml. pipette used for the addition 
of the diazo reagent is carefully rinsed with distilled water after each use. 
This technique of the color reaction is important and should be followed 
carefully. 

The time required for the color to develop to maximum intensity is 
approximately 3 to 5 minutes after the addition of the diazo reagent and it 
is stable for at least 2 minutes. This point is determined by color in- 
tensity measurements during the development. The instrument used to 
measure the yellow color is a Pfaltz-Bauer fluorophotometer, in which is 
employed a combination blue and yellow filter with maximum transmission 
at about 420 m/i. The instrument is adjusted to 0 extinction or 100 per 
cent transmission mth a blank consisting of all the reagents except py- 
ridoxine. The color developed in the blank is quite stable for a period of 
1 hour, but the color developed with pyridoxine begins to fade slowly after 
reaching a maximum intensity within 5 to 6 minutes after adding the diazo 
reagent. 


EXPERIMENTAL 

A sample containing from 100 to 200 y of pyridoxine is weighed into a 
125 ml. Erlenmeyer flask and 50 ml. of sulfuric acid (0.1 n) are added. The 
mixture is autoclaved at 15 poimds excess pressure for 30 minutes, cooled, 
and then incubated at 40° for 2 hours in a buffered solution containing 0.4 
gm. of equal parts of taka-diastase and papain. The buffered solution 
is prepared by dissolving 0.2 gm. each of taka-diastase and papain in 10 ml. 
of acetate buffer solution of pH 4.5 (Solution VI). The hydrolysate is 
diluted to 100 ml. with distilled water and filtered through No. 1 Whatman 
paper. 0.5 gm. of Amberlite resin. No. IR-4, analytical grade, is added 
to the clear filtrate to adsorb soluble interfering substances to prevent 
their adsorption on the Super Filtrol. A 40 ml. portion of the resin-free 
extract is pipetted into a glass-stoppered centrifuge tube containing 0.6 
gm. of Super Filtrol. This mixture is allowed to stand for 30 minutes 
with occasional whirling, and then centrifuged. The liquid is decanted 
and discarded. The Super Filtrol is washed with 40 ml. of distilled water 
and again centrifuged and the washing discarded. 20 ml. of alkaline 
ethyl alcohol (Solution R'’) are added to the tube containing the Super 
Filtrol. The tube is placed in a water bath held at 60-65° for 30 minutes 
ivith occasional whirling, then cooled, and centrifuged. The alcoholic 
solution of the pyridoxine is then decanted into a 50 ml. beaker and the 
residue washed with 10 ml. of alkaline alcohol, centrifuged, and the alcohol 
added to the 50 ml. beaker. 

The combined extract is adjusted to pH 7.3 with acetic acid solution 



458 


DETERMINATION OF PYRIDOXINE 


(Solution V) and diluted to 40 ml, with alcohol. 10 ml. portions are used 
for the pyridoxine determinations ivith the diazo reagent. The machine 
is set to zero extinction, or 100 per cent transmission by means of a complete 
reapnt blank. This blank is made by carrying the reagents through the 
entire process, 10 ml. of the final solution bemg used. After diazo treat- 
ment the machine is set by tliis blank for use on the sample. The color 
developments are as previously described. The solutions used and referred 
to by number are prepared as described previously. 

Determinations of pyridoxine were made on a number of biological 
materials. The diazo reagent was employed for a comparison rvith diaz- 
otized sulfanilic acid (Table I). The method employed for extracting 
the naturally occurring pyridoxine and freeing the extracts of interfering 

Table I 

Pyridoxine Content of Some Food Materials 


Pyridoxine 



^-Amino- 

acetO‘ 

pbcnooR 

SuJfanjJjc 

acid 

Va/uM />om htentw 


r ptr (m 

T t'r tm 

7 ft's” 

Dried brewers’ yeast, Sample I 

64 7 

64 5 

39-40 (1), 55 (2) 

tt tl tt it JJ 

75.2 

75 0 


(1 << t< 1* JJJ 

67.8 

68.0 


“ beet liver 

86.4 

80.0 


Rice bran concentrate 

135.0 

137.0 

100 (4) 

Whole wheat flour 

7.2 

10.1 

4.7^ 8 (1), 4 6 (5) 

Barley malt 

12.8 

11.9 


Yeast extract (liquid) 

160.0 

148.0 



substances is a modification of our procedure previously published m 
this Journal (3). 


DISCUSSION 

The strength of acid used in preparing the sample for enzymatic di- 
gestion is greater than previously used by us for this purpose. T is m 
creased strength of acid used does not give higher values of pyri 0^°® 
in the materials tested but prepares the material to better advan age o 
the purification step with Amberlite. Experiments were came ™ ’ 
which different strengths of acid were used for the hydolysis up 
sulfuric acid without improvement. The use of higher stren^ s .na,,Pts 
proved detrimental because of increased breakdown of pro ^ .j. -j. 
that affect the purification process. The hydrolysis mt ■ ^ 

acid, rvithout subsequent enzymatic digestion, gave res 
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with those followed by enzymatic digestion. However, enzymatic digestion 
is especially desirable mth products containing starch and is ad\dsed for 
all products. 

The removal of interfering compounds is more readily and easily ac- 
complished by the use of Amberlite IR-4 than by the more complicated 
sodium tungstate precipitation procedure. This material does not adsorb 
pyridoxine under the conditions used in this procediue but does remove 
material that would interfere mth the color reaction. Experiments give 
consistently 96 to 100 per cent recovery of added crystalline pyridoxine 
when the adsorption time does not exceed 5 minutes. With an adsorption 
time of 20 minutes the recoveries were lower, ranging from 80 to 90 per 
cent. Zeolite, prepared as for use in thiamine analysis, can be used in 
place of Amberlite IR-4. The use of a synthetic resin of this type has the 
advantage over the natural clays in that the properties and purity are more 
uniform. These results are contained in Table II. 

Table II 


Recovery of Pyridoxine with Amherlile IR-4 and p-Aminoacelophenone As 
Parts of Process 


Material 

Found 

Recovery 


Y 

98.6 

ptr cent 

98.6 

200 “ ' “ " » ' « 

195.4 

97.7 

50 “ “ “ “ 

47.S 

95.8 


172.8 

98.7 



Experiments with synthetic resin (Amberlite IR-100) show that it 
adsorbs pyridoxine completely from solution, similar to the action of 
Super Filtrol, but unfortimately cannot be used in the place of Super 
Filtrol in this procedure because of the color imparted to the eluate. We 
find that Amberlite IR-100 also adsorbs riboflavin from acid solutions. 
Alkaline alcohols other than ethyl alcohol were tried as eluates but 
certain disadvantages were encountered with each alcohol tried that showed 
them to be inferior to ethyl alcohol for this purpose. The list included 
methyl, normal, and isopropyl alcohol. 

Scudi et al. (5) have shown that boric acid reacts with cr 3 ’stallme py- 
ridoxine to form a complex that prevents its reaction with the chloramide 
reagent to give the characteristic color phenomena of pjuidoxine. We 
find this to be true with diazotized p-aminoacetophenone when crystalline 
pj’ridoxine is employed. However, when boric acid is added to extracts 
of biological materials, interfering side reactions are encountered that 
prevent its use as a blank in such products. A sample of j'east when 
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treated according to our regular procedure gave normal values for the 
pyridoxine content of the yeast and complete recoveries for any added 
pyridoxine, but when boric acid was used in the blank the values for the 
yeast were low and erratic and added pyridoxine could not be completely 
recovered. The strength of the acid used in the hydrolysis and the con- 
centration of boric acid employed in the blank affect the results to a marked 
extent. 

Table III gives typical results obtained when the borate blank was em- 
ployed on this yeast sample when 0.2 gm. of boric acid was added to 10 
ml. of the final alcoholic extract before regular color development. 

The chief advantage of the use of p-aminoacetophenone over sulfanilic 
acid lies in the fact that the diazo reaction with pyridoxine takes place 
at pH 7.0 to 7.3, while the diazo reaction with sulfanilic acid requires a 
pH of 10 or higher. At this alkaline concentration color is produced 

Table III 


Effect of Boric Acid Blank on Acid-Hydrolyzed Extracts 


1 

Material 

O.I N HiSO< 

0.1 H HiSOi 

0.5 K HjSOi 

KH 1 SO 4 

Without ! 
borate i 
blank 

With borate black 

1 gm, yeaafc j 

7 

71.8 

169.0 

7 

16.8 

80.4 

7 

19.9 

88.0 

1 7 

1 24.6 
76.7 

1 " " -b 100 7 pyridoxine j 


from substances that are not affected at the lower pH value and interfering 
substances are created that have to be eliminated prior to this treatment. 
The elimination of the subsequent treatment with alkali, therefore, be- 
comes a distinct advantage to the method. 

In color reactions of this type too much emphasis cannot be place on 
the cleanliness of the glassware employed. We have obseived ttat t e 
simple reuse of the pipette, without thorough rinsing with distMed wa ^ 
in the pipetting of the diazo reagent introduces an error that gives rise 
a higher value for pyrido.xine. This reagent is unstable and pro 
chromogen when exposed to the air on a pipette that adds co or o 

solution on reuse. . , . „e 

The values we obtain for pyridoxine in the materials so ax 
sho-wn to be approximately the same wth either of the co ^ 
employed. The same values are also obtained whether the 
the extract is carried out with sodium tungstate or by the “f® ° 

The values by the chemical methods, however, are ,, .^g^ed 

the values by the biological method. Yeast that consmtently yei 
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values of 60 to 65 t per gm. when analyzed by these chemical methods 
yielded SO to 55 y per gm. by the biological procedure. We have been 
unable to establish whether this difference is due to substances other than 
pyridoxine that produce color that is measured in the process or whether the 
crystalline pyrido>dne used as reference in the biological method is more 
available to the animals. 


SUMMARY 

1. A new diazo reaction for pyridoxine is described, in which diazotized 
p-aminoacetophenone is used as the color reagent. 

2. A synthetic resin, AmberUte lE,-4, is found suitable for the removal 
of interfering compounds in the purification of the extracts for analysis. 
The use of this resin materially simplifies the purification procedme. 

3. The use of a boric acid blank is not applicable when applied to bi- 
ological materials containing pyridoxine. Added pyridoxine could not 
be recovered completely and erratically low yields were obtained on 
biological extracts when this blank was employed. 

4. Alkaline methyl alcohol, normal propyl alcohol, and isopropyl alcohol 
were tried as eluates but proved to be inferior to ethyl alcohol for this 
purpose. Alkaline alcohol does not stabilize the color complex formed with 
diazotized p-aminoacetophenone and pyridoxine as it does with sulfanilic 
acid. 
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AMINO ACID INHIBITION OF COPPER PROTEINATE 
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Albany) 

(Received for publication, January 11, 1945) 

In an investigation of the applicability of the copper sulfate method 
(1) for protein determination in sera of different species, three therapeutic 
antipneumococcus rabbit sera, which were about 5 years old, failed to form 
the typical copper proteinate sac. However, the falling drop (2) and the 
refractometric (3) methods indicated protein concentrations in these three 
sera to be about the same as in other sera from similar sources. The 
failure of these sera (one each of types 1, 8, and 17) to form the copper 
membrane was found to be directly related to the presence in the serum of 
an excess of free amino acids. We have been able to induce this condition 
in normal serum by the addition of amino acids or by enzjunatic processes. 
This failure to form the copper proteinate sac is likely to be encountered 
only rarely (in the present experience, three in 120 instances) and under 
abnormal conditions; it should therefore not greatly affect practical applica- 
tions of the method. 


experimental 

In search of an explanation of the anomalous behavior of the three sera, 
a study was made of the routine methods in the preparation of such sera 
for human use. The usual treatment of antipneumococcus rabbit sera in 
these laboratories includes heating at 56°, the addition of two preservatives, 
“merthiolate” to give a final concentration of 1 : 20,000 and phenol in ether to 
give a final concentration of 1:500, and adsorption with kaolin. These 
procedures were found to have no apparent effect on the precipitability of 
serum protein by copper sulfate. 

Effect of Amino Acids — Bourdillon (4) has reported that the products of 
protein hydrolysis may interfere with precipitation of the protein upon the 
addition of hea^’J' metal salts. In order to reduce the concentration of 
amino acids that might be present, a sample of one of the three sera in ques- 
tion, type 8, was dialyzed overnight against tap water in a collodion bag. 
A drop of the residue in the copper sulfate solution' formed a proteinate in 
characteristic manner. Addition of 2.5 mg. of glycine per ml. to some of the 

* .\ 4 per cent CuS 04 ' 5 Hi 0 (sp. gr. approximately 1.025) is convenient for this 
purpose. 
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residue resulted in inhibition of copper proteinate precipitation, as before 
dialysis. Approximately 0.2 per cent of glycine added to normal rabbit 
serum was found to produce a like effect. Similar results were obtained 
with equimolar concentrations (about 38 mg. of a-amino nitrogen per 100 
ml.) of f-histidine monohydrochloride, dl-alanine, dl-valine, and 1-proline. 

N eulralization of Inhibition — Glycine added to samples of human serum 
induced a similar inhibition. Subsequent addition to the serum of normal 
NaOH to make the pH approximately 8.6, or of 0.4 per cent of formalin, 
foUow'ed by incubation, as in the detoxification of diphtheria toxin (5), 
neutralized the effect of the amino acid, and proteinate sacs were again 
formed when drops of serum were added to copper sulfate solution. The 
formalin treatment was satisfactorily employed on a small portion of the 
type 8 serum used above and a determination o^ protein by the copper 
sulfate method indicated the presence of 8.65 gm. per 100 ml. This com- 
pared favorably wdth the values of 8.59 and 8.33 gm. per 100 ml. obtained 
respectively in tests of the original serum by the falling drop and by the 
refraotometric methods. Although in the different methods for protein 
determination conversion factors established for species other than rabbits 
are employed, the various protein figures agree fairly w'ell. In the copper 
sulfate test for protein determination the factor 376 for normal human 
serum (1) was employed in the place of 347.9 used by Weech, Eeeves, and 
Goettsch (6). 

Concentration of Free Amino Adds Responsible for Inhibition of Predvito- 
tion — Gasometric determinations of free amino acids in samples of normal 
and immune rabbit sera were made by the ninhydrin-carbon dioxide method 
(7). We are indebted to Dr. W. R. Thompson for this work. The anti- 
pneumococcus rabbit sera from w'hich the protein previously had 
showm to be non-precipitable by copper sulfate contained from ° 
104.1 mg. of a-amino nitrogen per 100 ml., whereas four immune sera a 
formed typical copper proteinate contained from 8.34 to 22.27 mg. per 
ml. In a pool of normal rabbit sera, there were 6.60 mg. per 100 m • 

Hamilton and Van Slyke (7) point out that for accurate determinate ^ 
of the a-amino nitrogen in the circulating plasma, blood samp es mus 
handled ivith care to avoid hemolysis or injury of ceUs. Because e c^ 
may contain a concentration of a-amino nitrogen tiyice as grea as 
plasma, a positive error may result through the diffusion o anuno 
from the cells into the plasma. Probable ewdence of sue an e 
observed in results of gasometric determinations on two m w u 
rabbit sera. One serum, notably hemolyzed, gave a ° ^,^ino 
a second serum, of normal appearance, gave a value of 5. S- 


nitrogen per 100 ml. , , j /’oi 

It is important to note that, according to MacFadyen t ), 


“When either 
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whole blood or separated plasma clots, the amino acid content of the serum 
formed is usually 10 to 40 per cent greater than that of the plasma.” 
Analyses of serum cannot be considered, therefore, an aecurate measure of 
the amino acid content of the circulating plasma. 


Table I 

Results of Tests with Normal and Immune Rabbit Sera 



Protein determination* ) 









Viscosity 

. . 


Rabbit serum 

Copper sulfate 
method 

Refracto* 

metric 

method 

pH 

(water ■» 1) 
at25* 

Nt 

Remarks 






nt- Per 
JOOml. 


Antipneuraococ- 

No proteinate 

8.33 

7.4 

1.64 

104.1 


CUB, R.8.63 

formed 






Antipneumococ- 

Only sugges- 

7.74 


1.62 

55.18 


CUB, R-1-19 

tion of ppt. 






Antipneumococ- 

Partial, weak 

8.60 


1.76 

45.86J 


CUB, R-17-20 

ppt. 






Antipneumococ- 

7.63 

7.64 


1.70 

22.27 


CUB, R-32-1I 
Antipneumococ- 

7.71 

7.72 


1.75 

18.36 


CUB, R-14-46 
Antipneumococ- 

8.01 

8.05 


1.83 

16.04 


CUB, R-4-12 
Antipneumococ- 

1 

7.29 

7.22 

! 

1.73 ; 

8.34 


CUB, R-14-28 
Normal, R-H920 

6.51 

i 

6.52 

i 


! 

7.38 

Serum hemo- 

1 






lyzed 

“ R-H203 

5.73 

5.65 



5.64 

Serum non- 

I 

1 

! 




hemolyzed 

“ (1944 

5.45-6.99 

5.09-6.57 



6.60 


bleedings) 
Normal pools 

6.02-6.88 

6.05-6.49 

7.6§ 

1.21-1.41 

1 

Sera obtained 
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* Protein content recorded in gm. per 100 ml, 

t Ninhydrin-carbon dioxide method; 0.1 mg. per 100 ml. subtracted as a correction 
for urea present, assuming the normal range, according to Hamilton and Van Slyke 
(V). 

t A 0.2 per cent solution of glycine would have approximately 38 mg. per 100 ml. 
of «-amino nitrogen. 

§ Serum not stored in resistant glass vial. 

Results of tests of various rabbit sera are given in Table I. 

Effect of Enzyme Action — ^Data obtained in viscosity tests of rabbit sera, 
a method employed to follow the course of enzjune activity, suggested that 
we were dealing with products of enzyme action. In this instance proteo- 
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COPPER PROTEINATE FORMATION 


Ij'tic enzj-mes that yield amino acids as end-products of protein digestion 
were indicated. In our tests with a commercial preparation of trypsin 
(Difco 1:250), samples of normal rabbit serum incubated nith a small 
amount of enzjmie overnight at approximately 39° were altered so as to 
inhibit copper proteinate formation partially or wholly. 

The staphylococcus was used in a study of the degree to which free amino 
acid might be produced in serum by the proteoljdic actmty of an enzyme 
of a microorganism. We chose a culture of Slapiii/lococcus aurmis in prefer- 
ence to Staphylococcus albus because of its possible greater enzyme acthify. 
The inoculum was suspended in saline and added to several normal sera. 
After approximately 2 weeks of incubation at 35°, normal rabbit and normal 
guinea pig sera failed to form a copper proteinate. 

DISCDSSION 

Bourdillon has obsera^ed considerable hydrolvdic changes in several 9- to 
12-year old diphtheria antitoxic horse sera and has considered the pos- 
sibility that such changes may be caused by some native enzjTue in the 
ori^al serum. It is possible that the hydrolytic changes which had 
occurred in our therapeutic rabbit sera were similar to those noted in the 
antitoxic horse sera. 


SUMMARY 

Three therapeutic rabbit serum pools which wen-, about 5 years old at the 
time tliese tests were made failed to form the copper membrane. Otter 
pools of approximately the same age maintained under the same condihoK 
reacted normallj' in the copper solution. These sera, which had been dis- 
tributed for therapeutic use, had been maintained in the laborator}' before 
distribution, and, presumably, later in the district supply sfotioi^ 
temperatures under 10°. The tests were made after the sera had 
returned at their date of e.xpiration. . , 

Tliree rabbit sera which did not form the copper proteinate contain 
from 45.86 to 104.1 mg. of a-amino nitrogen per 100 ml. Free an^ 
acids in serum, equivalent to about 46 mg. of a-amino mtrogen per 
ml., have been found to inhibit formation of copper proteinate 
the serum is dropped into a solution of copper suHate. A sunilar 
obtained by incubation of sera with trypsin or with a culture suspena 

Staphylococcus aureus. . (j,g 

The inhibitorj^ influence of the free amino acids can be overcome 
addition of sufficient alkali or by treatment with formalin. of cop- 

The amino acid inhibition of proteinate formation in t ® god 

per sulfate solution affords a simplified test of tiyyitic digestion m .. 
perhaps in other substrates. 



J. J. QUIGLEY AND T. F. MUBASCHI 


467 


BIBLIOGRAPHY 

1. Phillips, R. A., Van Slyke, D. D., Dole, V. P., Emerson, K., Jr., Hamilton, P. B., 

and Archibald, R. M., Bull. U. S. Army Med. Dept., No. 71, 66 (1943). 

2. Barbour, H. G., and Hamilton, W. F., J. Biol. Chem., 69, 625 (1926). 

3. Siebenmann, C., Biochem. J., 31, 205 (1937). 

4. Bourdillon, J., Arch. Biochem., 6, 385 (1944). 

5. Wadsworth, A., and Pangborn.M. C.,/. Biol. Chem., 116, 423 (1936). 

6. Weech, A. A., Reeves, E. B., and Goettsch, E., J. Biol. Chem., 113, 167 (1936)* 

7. Hamilton, P. B., and Van Slyke, D. D., J. Biol. Chevi., 160, 231 (1943). 

8. MacFadyen,D. A., J. Biol. Chem., 146, 387 (1942). 




AN ACCELERATOR OF CATALASE ACTIVITY 

Br COENELIUS W. KREKE, SISTER MARY DOMITILLA BARTLETT, and 
SISTER MARIE AUGUSTINE SMALT 

{From the Laboratories of the Instilutum DM Thomae, Cincinnati) 
(Received for publication, December 29, 1944) 

Recently, it was shown that yeast extracts accelerated the oxidation of 
various substrates by hydrogen peroxide in the presence of the ensyme 
peroxidase (1). The nature of this stimulation is not known; however, two 
observations led us to the view that the active principles were iron com- 
plexes whose action was bound in some way to that of the enzyme. 

The first observation was the very slight but definite peroxidase activity 
of the extracts. Iron complexes (2) and hemins and metallic iron in 
various physical states (3, 4) have been shown to possess this ability to 
oxidize phenols. The yeast extracts had very little peroxidase activity 
alone, but in combination with the enzyme preparation gave increased 
oxidation. 

The second observation was the ability of the extracts to antagonize 
cyanide and azide inhibition of the enzyme, an action which seemed to be 
closely related to the ability to accelerate the peroxidase in that higher 
concentrations of the inhibitors affected the stimulated action as well as 
normal peroxidase action. It seemed to us therefore that the yeast extract 
Avas acting in a manner similar to the hemin portion of the enzyme. 

It may be mentioned that these yeast extracts have for some time been 
knoAA'n to stimulate the oxygen uptake of such tissues as skin and liver 
and of some microorganisms, including bakers’ yeast (5). Here too, the 
stimulatory action was shown to be concerned with the iron portion of the 
respiratory chain, since cyanide and azide, which are known to attack 
specifically the cytochrome oxidase, could be completely antagonized, 
whereas amyl alcohol and urethane inhibition could not (6).‘ 

In the present paper it is demonstrated that the yeast extract accelerates 
hydrogen peroxide splitting by the enzyme catalase, and an attempt has 
been made to study the nature of this action. 

EXPERIMENTAL 

Since ive were interested in rdative activities alone, all determinations 
were made at 24“ in phosphate buffer (pH 6.8) by a procedure similar 
to that of von Euler and Josephson (7). After an equilibrium period of 
10 minutes, which allowed the solutions to come to temperature, 35 ml. of 

* Krckc, C. W., and Sutcr, M. St. A., to be published. 
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ACCELERATOR OP CATALASE ACTIVITX 


The yeast extract corresponded to Sample A prepared as described 
previously (5). The extract was adjusted to pH 6.8 and sterilized. Di- 
lutions were made in the phosphate buffer. 

In Fig. 1 is shown the effect of yeast extract (1 mg. per ml.) on the HA 
decomposition by catalase. The stimulation (Curve II) amounted to 
approximately 63 per cent over the control (Cunm I) at the 10 minute 
period. (Concentrations around 0.5 to 1.0 mg. per ml. seem to be an 
optimum. Concentrations of 5 mg. per ml. or higher produce depression.) 



Fio. 3 . Effect of yeast extract on hemin decomposition of HjOt- Curve I, he 
control; Curve II, hemin control plus yeast extract, i mg. per ml. 


The acceleration is similar to that produced by the presence of q 
enzyme, since there is an initial increased rate mth a falling o as 

is used up. . . r pvtract is 

It is interesting, however, that the enzyme-like action ° 

not expressed by itself but only in the presence of catalase. ^ 

extract itself is not capable of decomposing H 2 O 2 is s ovn ^ 

4.95 ml. of 0.01 n KMnO« correspond to zero decomposition. jj, 

tions from 0.5 to 5 mg. per ml. of extract were tested of 

If the active principles were iron complexes, as we sugges jg 

peroxidase, one would e.xpect a slight but de6mte here to 

possible that the active principles are at too low a con t ^ 
show any such action during the 40 minute ... theen^e 

The ability of the yeast extract to offset cyanide inhi 
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is shown in Fig. 2. Curve II shows the depression produced bj’- 4 X 10“° 
M KCN from the normal control value (Curve I). Curve III shows the 
ability of the extract (1 mg. per ml.) to overcome the depression at least in 
part. At times it was possible to bring about a complete antagonism and 
produce a slight stimulation with smaller concentrations of inhibitor. With 
higher concentrations of inhibitor less effect was noticeable with the extract, 
probably due to a reaction between the inhibitor and the extract. 

That the extract requires the enz3Tne for its action and not the iron 
prosthetic group alone is shown in Fig. 3 in which hemin decomposition of 
H2O2 (Curve I) is depressed by 1 mg. per ml. of extract (Curve II). The 
concentration of hemin used here was 2.5 X 10~^ mg. per ml., amounting 
to several million times the hemin present in the catalase experiments. 
0.5 mg. per ml. of the extract also gave depression. Other experiments 
■\rith higher concentrations of extract gave increasing amounts of depression, 


Table II 

Effect of Various Yeast Extract Concentrations on Hemin Decomposition of H-Ot 


CoDcentration yeast extract 

Per cent depression over control in 10 min. 

mg. per ml. 


0.5 

26.6 

1.0 

39.0 

3.0 

50.0 

5.0 

100.0 


as shown in Table II. This complete reversal in action for enzj'me and 
hemin is indicative of a specific function of the extract which involves the 
entire enzyme. 


DISCUSSION 

A large amount of literature has accumulated which shows that iron in 
various degrees of complexity possesses oxidase, pero.xidase, and catalase 
abilities to a small extent as compared with the specific enzjunes. For 
instance, 1 hemin molecule is able to decompose 10~- molecule of H5O2 per 
second compared ivith 1 molecule of catalase which decomposes 10+* mole- 
cule of H2O2. 1 atom of inorganic ferric iron splits only 10“^ molecule of 
H2O2 per second. This is of interest in view of the fact that the yeast 
extract could increase the catalase activity approximately 63 per cent in 
10 minutes when present at a concentration of 1 mg. per ml. 

Recent work in our laboratories has shown that ferric citrate in a con- 
centration of 1:100,000 had no catalase activity during the experimental 
period, but accelerated liver catalase as much as 37 per cent. We suggest 
that iron complexes may be responsible for the results with the extract. 
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Whether constituents of the yeast extract can combine with the proteins 
of the liver extract to function as prosthetic groups or whether they act by 
reoxidizing the reduced enzyme will be the subject of future w'ork. 

SOMMAKY 

In this work, an alcoholic yeast extract has been shown to accelerate the 
action of catalase when present in a concentration of 0-5 to 1.0 mg. per ml. 
This effect is due to a direct acceleration of the enzyme, since the extract 
had no effect by itself. 

When tested on hemin decomposition of HjOj, no acceleration was 
obtained. It was suggested that the yeast extracts contained iron com- 
plexes which may act by keeping the en^me in the oxidized form. 
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CARBONATE CONTENT OF BONE IN RELATION TO THE 
COMPOSITION OF BLOOD AND DIET* 


By ALBERT E. SOBEL, MORRIS ROCKEXMACHER, 

AND BENJAMIN KRAMER 

(From the Pediatric Research Laboratory and Division of Biochemistry, The Jewish 
Hospital of Brooklyn, New York) 

(Received for publication, December 15, 1944) 

The composition of the inorganic portion of bone is not constant. This 
composition has been represented by the formula CaC 03 . 7 iCa 3 (P 04 ): (1-3). 
The greatest variations occur in the percentage of carbonate. These 
changes have been found to occur with age (4, 5), rickets (4, 6), acidosis 
(7-12), alkalosis (12), diet (4, 8, 12, 13), and osteopetrosis (14). 

In the studies made by previous investigators, no serious attempt was 
made to interrelate the changes in bone to changes in blood, since 
these investigations sought other relationships. However, a distinct trend 
is evident if the data on blood changes in these conditions are collected and 
e.\amined. It has been pointed out by Howland et al. (6) and Kramer 
el al. (14) that the changes in the composition of bone may be a reflection 
of the composition of the blood. As Kramer, Yuska, and Steiner (14) 
pomt out, “The relationship of the composition of bone to that of blood 
deserves further investigation,” and “This relationship of bone composition 
to blood composition in infants is a wholly unexplored field.” These state- 
ments may be expanded to include the whole field of blood and bone rela- 
tionships. 

In vitro experiments on the preparation of solid phases resembling those 
present in bone have shown that an increase of the carbonate in the pre- 
cipitate is a function of the carbonate to phosphate ratio of the liquid phase 
containing calcium, phosphate, and carbonate ions. This fact is demon- 
strated in data given bj’’ Logan and Ta 3 dor (15) and bj' Howland, Marriott, 
and Kramer (6). If w'e accept the premise that bone has an apatite struc- 
ture (as has been concluded from x-ray evidence), then the composition of 
the solid should reflect the composition of the liquid phase from which it 
forms, since apatite structures hav'e been shown to form a continuous series 
of solid solutions (Eisenberger ct al. (16)). 

In the experiments reported here, evidence is presented that a relation- 
ship apparent^ exists between the carbonate content of bone and the com- 
position of serum. The composition of the serum was altered by dietarj' 

* Partially presented before the .American Society of Biological Chemists, March, 
1943 (Federation Proc., 2 , 70 (1943)). 
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CARBONATE CONTENT OF BONE 


means. The knowledge of the factors that influence the composition of 
the bone is of theoretical and practical importance, since further studies 
may reveal some relationship between structural, mechanical, and other 
properties (such as resistance to disease) and composition. 

Preliminary Experiments 

In the first, as well as in all subsequent, e.\periments young rats 23 days 
old were used. The results indicated that as the inorganic phosphorus of 
the serum increased the carbonate of the bone decreased. Rickets was 
produced by both low calcium-high phosphorus and high calcium-low phos- 
phorus diets. However, only in the case of rickets produced on a high 
calcium-low phosphorus diet was there an increase in bone carbonate. In 


Table I 

Composition of Blood and Bone in Relation to Diet; Preliminary Experiments (Mean 

Values) 


Dietary group 

No. o! 

Change 

Serum 

Femora, dry, fat-free 









COi: 

Ca 


weight 

Ca 

^ 1 

Weight 
of bone 

CO, 

Ca 


1 

gm. 

mg. per 
cent 

CTg. per 
eettl 

m;. 


eenl 


eeni , 

rvU 

rtlii 

Diet A, low Ca- 





1 






lowP 

13 

+22 

1 

5.0 

7.4 

74.2 

1 17.6 

i 

1.42 

169 

9.14 

Diets, highCn- 



low P 

14 

I +32 

1 

10.1 

1 

3.3 

89.9 

1 28.9 

1.93 

223 

9.92 

Diet C, low Ca- 




high P 

8 

-fl3 

5.3 

1 8.6 

68.9 

15.5 

1.58 

146 

9.93 









the case of rickets produced on a low calcium-high phosphorus ^et, there 
was a tendency towards decreased carbonate in the bone. In rickets ue 
to high phosphate diet the serum inorganic phosphorus was normal, w e 
the serum calcium was low, whereas in rickets due to low phospha c 
the serum calcium was high, while the serum inorganic phosphorus w 
low. There were indications that the composition of the blood ° 
that of the diet, as has been previously reported (17-19). 
these experiments are not given, since they maiidy served in t e . 
ment of the analytical procedures (20). The diets used m 
ments were low’er in phosphorus content than the later diets, ^ 
described in this paper. Because of this, more severe rickets was p 
in our earlier experiments. Data on these diets are given e o^- 
Table I summarizes the values obtained in our later . ^.gre 

were still of a preliminary nature, but since the new nucrome 
employed, these data were considered valid. 
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The diets were similar to those in Table II, except that the phosphorus 
levels were 0.05 per cent lower. It may be observed in Table I that the 
addition of calcium to Diet A caused an increased COj." Ca ratio in the bone 
when compared to results on the low calcium-low phosphorus group, while 
the high phosphorus-low calcium group did not show a significant change 
in the C 03 :Ca ratio of the bone. There was an increase in the calcium 
content of the bone in the group on Diet B, but the increase in carbonate 
was greater than that of calcium. In the group on Diet C there was a 
decrease in both calcium and carbonate of the bone compared uith Diet A. 
The serum inorganic phosphorus was decreased in the group on Diet B and 
was slightly increased \vith Diet C. The serum calcium increased in the 
group on Diet B and remained unchanged with Diet C when these groups 


Table II 

Composition of Experimental Diels 


Diet 

1 ConstitueoU ' 

1 _ 1 

Ca 

P 



peril ; 

perunt 

ptT ctnl 

A, low Ca-low P (basal) 

Yellow corn-meal 

70 




Wheat gluten 

16 

0.030 

0.32 


Brewers’ yeas’t 

10 




NaCl 

1 



B, high Ca-low P ' 

Basal diet 

100 




CaCO. 

3 

1.13 

0.317 

C, low Ca-high P 

Basal diet I 

100 




NajHPO. i 

2.75 

0.029 

0.905 


were compared rvith those on Diet A, There appeared to be a rough 
reciprocal relationship between serum inorganic phosphorus and bone 
carbonate. 


Final Experimenis 

These were designed to supply more complete data on the changes ob- 
sen^ed in the exploratory work. Analyses of serum CO* were performed 
to determine whether any relationship existed between serum carbonate 
and bone carbonate. In addition, the experiments were e.xtended to in- 
clude the influence of rutamin D, 

Three diets were used in these experiments. The basal diet contained 
traces of calcium (0.03 per cent) and suboptimum amounts of phosphorus 
(0.32 per cent). This diet uithout other additions will be referred to in this 
paper as a low calcium-low phosphorus diet (Diet A). However, the 
Ca:P ratio of this diet is low Qess than 0.1). It is therefore actually a low 
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formula CaCOj.nCasfPOi);, which represents the inorganic composition 
of bone with respect to calcium, phosphorus, and carbonate. 

Calcium com bined with COi mu COj 

Calcium combined with POj mu Ca — mu CO; 


The mean results were evaluated by the statistical methods of Fisher 
(26) as applied to small samples. P represents the frequency uith which 
the difference between two means may be due to chance alone. 'WTien P = 
0.05 or less, then the difference between the means may be considered 
statistically significant. 

Weight Changes — ^The experimental animals were normal in appearance 
and behavior. The weight changes (growth), including the initial and 
final weights, are indicated in Table III. The first three P values appear- 
ing in Table III indicate the statistical significance of differences in growth 
resulting from the influence of dietary calcium and phosphorus in the 
absence of vitamin D. In Group A, the growth was 23.7 gm., while on 
the addition of calcium to Diet A (Diet B), the growth increased to 45.0 
gm., which IS onfy shghtfy hefow the normaf weight for rats of this age. 
(The normal growhh of rats in our colony is about 53 gm. for a similar 
period.) A decreased growth of 17.2 gm. resulted from the addition of 
phosphate to Diet A (Diet C). The differences between Group B and 
Groups A and C were significant. In contrast, the differences between 
Groups A and C were not significant. In the presence of \dtamin D, dietaiy 
calcium and phosphorus had a negligible influence on growth. There u’as 
better growth in all groups with vitamin D, but the changes due to diefaiy 
calcium and phosphorus are not statistically signincant (see P Values 
4 to 6). 

The influence of vitamin D on growth is evident from Values 7 to 9 of , 
obtained by the statistical analj'-sis of the resulting growth changes. There 
was a significant increase in growth in the low calcium-low phosphorus an 
the low calcium-high phosphorus groups. In the high calcium-lo" P 
phorus group, in which growth was greatest, the addition of vitamin 

had no significant influence. . • j, ter 

The rickets produced in the absence of \dtamm D wa^ imld in c ’ 
since the phosphate level of the diet approached the optimum eve q 
closely and the Ca:P ratio was not extreme (18, 26). 


Composition of Bone and Blood Serum 

Iniluence of Dietary Calcium, Phosphorus, and Vitamin j j 

obtained from the analyses of the bones and blood sera f*"® P'f. y 
Table IV and the statistical evaluation of the data is given m a 
Total Carbonate arid Calcium in Bone — ^The highest amoun s 
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and calcium were foimd in Group B, the differences between this and Groups 
A and C being significant both •nith and without vitamin D (Table V, 
Lines 1, 3, 4, 6). In contrast to this, the differences between Groups A 
and C were not significant (Table V, Lines 2, 5). In comparing the vita- 
min-fed members of eaeh group to those not fed this supplement, the 
influence of the antirachitic vitamin Avas manifested by (a) significant in- 
crease in Group B of carbonate and calcium, (b) significant increase of onl}^ 
calcium in Group A, and (c) no significant changes in Group C. 

Percentage of Carhonaie and Calcium in Bone — In the absehce of vitamin 
D Group B has a distinctly higher percentage of carbonate than the other 
two groups, but the difference in the percentage of calcium is of border line 
significance statistically (Table V, Lines 1 to 3). Thus the relative amount 


Table IV 


Bone Carbonate and Calcium in Relation to Composition of Blood and Diet 

(Mean Values) 


Bietaiy group 

Blood serum 

Weight 

rrf 

bone 


Bone, dry, fat-free femora 


Ca 

P 

COi 

Ca 

CO. 

COj 

Ca 

Ca 

CO. 


mg. per 
cent 

mg. per 
cent 

tcl. per 
cent 

mg. 




per 

cent 

per 

cent 

A 

6.3 

8.9 

58.8 

74.5 

189.3 


11.1 


1.74 

B 

11.8 

4.2 


93.4 

297.9 

45.25 

15.3 


2.82 

C 

mmam 

9.4 

56.9 

69.4 

196.4 

23.28 

11.9 

11.45 


A -b vitamin D 

8.7 

8.9 

54.7 

81.6 

235.4 

gitBail 

wm 

11.80 


B -b “ 

13.3 

6.8 

57.1 

129.8 

546.3 

75.77 

13.9 

■irni:ii 

3.53 

C-b “ “ 

8.8 

9.3 

52.6 

77.4 

242.3 

23.91 

9.9 

12.50 

1.85 

Eeferenee 

11.1 


51.6 


153.7 

13.89 

9.1 

15.26 



of carbonate deposition proceeded much faster than that of the calcium. 
There are no statistically significant differences between Groups A and C 
with regard to the percentage values of carbonate and calcium (Table 
V, Line 2). 

In the presence of vitamin D, Group B had a significantly higher per- 
centage of carbonate as well as calcium compared to the other two groups. 
There were again no statistically significant differences between Groups 
A and C (Table V, Lines 4 to 6). 

Vitamin D increased the percentage of calcium in all groups, and car- 
bonate in Groups B and A, but only that in Group B was statistically sig- 
nificant (Table V, Lines 7 to 9). 

COj.'Ca Ratio in Bone — The highest COz'.Ca. ratios were found in Group 
B, both with and nithout Adtafnin D. The differences betAA*een Group B 




















Table V 

Statistical Evaluation (Cf. !?5)) of Mean Values Presented in Table I 
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and the other two were significant (Table V, Lines 1,3,4, 6). In contrast, 
the differences between Groups A and C were not significant (Table V, Lines 
2, 4). Vitamin D caused a decrease of the CO3: Ca ratio in all three groups 
(Table V, Lines 7 to 9). 

Calculated POiiCa Ratio in Bone — The PO4 content of the bone may 
be calculated by 

[Calculated POi, mui] = [Ca, him] — [COj in mia] 

The above equation is true only if we accept the inorganic composition of 
bone as [Ca3(P04)2]„-CaC03. There are actually slight deviations from 
this formula; nevertheless, the calculated PO4 can give a close approxi- 
mation of the real values and indicate trends. 

The trend in the P04;Ca ratios is the exact opposite from that found 
for the C03:Ca ratios. It may be worth while to note that in both of the 
high calcium-low phosphorus groups (Group B) the absolute amount of 
phosphate was higher than in the other two. However, the relative in- 
crease in calcium tied up as the carbonate was still greater and thus the 
PO4: Ca ratio was lower in these two groups. The PO4: Ca ratio was higher 
in the vitamin-fed groups than in the corresponding groups without the 
supplement. Here the total amount of all constituents increased but the 
relative amount of calcium combined as carbonate increased more than 
that combined as the phosphate. 

Composition of Bone in Relation to Blood Serum — ^The serum COjtP 
ratio was highest in Group B, in which the bone C03:Ca ratio was also the 
highest (Table V, Lines 1, 3, 4, 6). The differences in the serum COjiP 
in Groups A and C are small and not significant. Similarlj', the differences 
between bone CO3 ; Ca ratios in Groups A and C are also without significance 
(Table V, Lines 2,5). 

"Under the influence of vitamin D the serum C02:P ratio dropped in all 
groups. Concurrently, a statistically significant drop took place in the 
C03:Ca ratio (Table V, Lines 7 to 9). Here it must be pointed out that 
the serum CO- dropped in all groups under the influence of 'vatamin D. 
These differences individual^ are not statisticallj" significant (Table Y, 
Lines 7 to 9). However, when all of "the \'itamin D-fed groups are com- 
pared with the non-vitamin groups by the pair method, the trend towards 
decreased serum CO- values is statistically significant. This point bears 
further investigation. 

Comparison of Resrdts against Reference Group — The last line of Table IV 
shows the results obtained in the reference group which represents the con- 
ditions existing at the beginning of the experiment. In all groups, there is 
an e\’ident increase in the weight of the bone and in the calcium and car- 
bonate content. The degree of mineralization, as shown by the values 
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for the percentage of calcium, however, decreased in all groups with the 
exception of Group B fed vitamin D, in which it was higher. All these 
changes mentioned were statistically significant. This may be inter- 
preted as indicating that the organic portion of the bone increased faster 
than the inorganic portion. The degree of carbonate deposition, as shown 
by the percentage of carbonate in the bone, decreased in Groups A and C, 
but not in Group B, in w'hich an increase is evident. The CO 3 : Ca ratio of 
the bone increased in all groups w'hen compared to the reference group. 
Thus, in an indirect way, the influence of age on the carbonate content of 
the bone is expressed. 

Changes in the ratio of bone COsrCa appear to follow the serum COj.'P 
ratios. Th e bones of animals fed high calcium diets showed a significantly 
higher CO 3 : Ca ratio than the other two groups. The influence of vitamin 
D was manifested in the lower COatCa ratio in the bone on corresponding 
diets and lower CO 2 : P ratios in the blood. If all seven groups are arranged 
in the order of serum COjtP ratios, Group C without vitamin D omitted, 
this order will also be followed by the values for bone COj^Ca of the six 
remaining groups. Group C falls out of line, but by a scant difference, 
Studies on the complete composition of bone (which will soon be submitted 
for publication) show that the residual Ca.'P ratio in the bones of this 


group differs from the value usually found. 

The density of the bones is in general interrelated to the serum Ca X ? 
product in this series, with but one exception. In Group B without vitamin 
D, the serum Ca X P product is the lowest of all groups. Despite this 
fact, however, the density of the bones in this group is third highest in the 


series. Whether the serum Ca X CO 2 product of this group, which ranges 
second highest in the series of these products, is influential with regard to 
the degree of calcification in this group cannot be stated. In vitro espen- 
ments (15) indicate that at least the deposition of carbonate in bone is in- 
fluenced by this product, even though the solubility product [Ca++] X [COj 
is not reached. Though this fact may be only coincidental, it ® 
noted that there is a close correlation between the serum Ca X COj pr uc 
and the calcium and carbonate content of the bone. ItTiat bearing s 
fact may have on the amount of cillcium deposited cannot be state , es 
pecially as the e.\'periments of Bethke et al. (17) show an opposite ren^ 
w'hen values for serum calcium and bone ash are compared. 
dence fora possible relationship between the serum Ca X COapro uc 


the carbonate content of bone should be sought. 


DISCUSSION 

It is evident from our experiments that the 
content of the diet as well as vitamin D influences the CO3 • a ra 
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The high COsiCa ratio in bone was associated with high calcium-low 
phosphorus diets. A lowered COs’.Ca ratio was obtained on both the 
low calcium diets (A and C). A less predominating but statistically 
significant decrease in bone COjiCa ratio occurred under the influence 
of vitamin D, which increased the density of the bones in all three 
dietary groups. Neither rickets per se nor low bone densit3' was found 
to be the predominating factor in bone C03:Ca ratio. Rickets produced 
by low calcium-high phosphorus diets showed low COs'.Ca ratios in 
the bone, as compared with the rickets produced in a high calcium-low 
phosphorus diet in which the COjiCa ratio in the bone was higher. Vita- 
min D was unable to counteract completely the effect of the rather extreme 
dietary Ca:P ratios on bone COjiCa ratio. 

The influence of diet on bone may be explained by its effect on the major 
inorganic components of bone present in blood, namelj', calcium, phos- 
phorus, and COj (carbonate). As has been previously noted (17-19, 27), 
the serum calcium and inorganic phosphorus levels reflect the dietary 
calcium and phosphorus content. On a high calcium-low phosphorus diet, 
the serum calcium is normal, while the inorganic phosphorus is low. On 
a low calcium-high phosphorus diet, the serum calcium is low, while the 
inorganic phosphorus is normal. Vitamin D tends to raise the low member 
of the pair and in general the more disproportionate the dietarj' Ca:P 
ratio, the less effective is the ^dtamin D (17, 19). No serious stud}’- of the 
influence of dietary calcium and phosphorus on the COj content of serum 
(which expresses the carbonate content of the blood) is presented in the 
literature. In these studies, dietary calcium and phosphorus had no de- 
tectable influence on blood CO2. Vitamin D caused a lowering of the car- 
bonate in each group. This lowering had no statistical significance in any 
given dietary group. However, the trend towards decreased serum CO- 
levels in all three groups is statistically significant. More data of this 
type are necessary for final conclusions. 

It is known that bone is not a precipitate of exact composition. Its struc- 
ture may be represented by the general formula CaC03-nCa3(P0<):, in 
which approximately 6 per cent of the calcium may be substituted by other 
bases (28). X-ray evidence shows that it has an apatite lattice. Apatites 
in general are considered solid solutions whose composition reflects that of 
the supernatant fluid (16). Thus, -with a given calcium concentration, the 
carbonate content of the solid phase should be a reflection of the COjtPO^ 
ratio of the liquid phase, from which it follows that the CO3: Ca ratio of the 
solid will also be a reflection of the CO3; PO< ratio of the liquid phase. 

On examining the data from the in vilro experiments of Howland, 
jMarriott, and Kramer (6), it may be seen that the COsiCa ratio of the 
solid formed was a reflection of the C03"-P0< ratio of the liquid phase. 
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This fact is also evident in the data of Logan and Taylor (15, 29). The 
e.\-planation Logan offers is that carbonate is adsorbed on the crj'stal lattice 
of Ca 3 (P 04)2 and that the adsorption is proportional to the [Ca'^] X 
[COj ] product in the supernatant liquid. He offers as support for his 
concentration the fact that proportionately more carbonate than phos- 
phate can be removed by weak acid from bone ash or precipitates of calcium 
phosphate. However, regardless of whether calcium carbonate is ad- 
sorbed on the bone or is part of the apatite lattice, the fact remains that 
the COjiCa ratio of the precipitate is a reflection of the C 03 :P 04 ratio of 
the supernatant fluid. 

In view of the above considerations, it should be interesting to examine 
the changes in bone COjrCa ratio in relation to the serum carbonate- 
inoi^anic phosphate ratio, which is referred to as the C 02 ;P ratio for 
convenience. In the experiments presented in this paper, there was a 
distinct relationship between the serum CO^rP ratio and bone COjiCa. 
In only one case was the relationship faulty, narael}’^, on the low calcium- 
high phosphorus diet rnthout xitamin D. The slight deviation obseired 


maj' be explained if we consider the Ca:P ratio of the bone. In this group 
(as will be shown in a subsequent publication), the residual Ca:P ratio was 
1.33, while in the other six groups this ratio ranged from 1.48 to 1.52. 

Let us examine the variations in bone carbonate reported in the litera- 
ture in the light of differences in the serum CO 2 : P ratio. An increase in the 
proportion of bone carbonates has been reported in rachitic compared mth 
normal bone (4, 6). This rickets was produced on a high calcium-low phos- 
phorus diet (so-called “low phosphate rickets”). The serum inorgamc phos- 
phorus in such cases should be markedly reduced (17-19). Thus, the 
increased bone carbonate may be related to the increased serum COj.P 
which results. Had these investigators examined the bones in rick^ 
due to low calcium-high phosphorus diets, they would not have associat 
the increased proportions of bone carbonate per se ndth rickets. 

In our experiments, it is readily seen that the high carbonate content 0 
the bone in Group B results from the high serum C02.‘P ratio, while ^ ® 
carbonate content of the bones of Groups A and C is related, to. ( e <>'' • 
C02’.P ratio in the serum. Similar obserx’ations have been °° 

calcium-poor diet in swine (12) and also in rats (8). Brooke e(a . ( ) con 
eluded that in the rats kept on a calcium-poor diet the calcium os 
mainly the calcium carbonate of the bone salts. These con 1 
analogous to our low calcium diet groups (A and C). From 
mentioned considerations (17-19) and on the basis of 
ratio found in Groups A and C, it seems justifiable to app y e ex . 
used to account for the low carbonate content in those groups 


results. 



SOBEL, EOCKENMACHER, AND KEAJIER 


487 


When acid rations were fed to s^dne (10, 12), a decreased bone carbonate 
content was reported. The resulting acidosis lowers the serum COjlP 
ratio and in this respect may be linked -nith the low bone carbonate. WTien 
mineral acid is fed to rats (9), the decreased bone carbonate found may also 
be associated with the lowered serum COj:? ratio associated uith the 
resulting acidosis. 

In prolonged starvation a condition of acidosis sets in, accompanied b 3 ’- a 
rise in serum inorganic phosphorus (30, 31). Accordingly the reduced 
carbonate content of the bone by inanition may be considered a reflection 
of the reduced COj^P ratio of the serum. Thus it appears that in this 
case also the decreased carbonate in bone may be associated with the 
decreased serum COj:P ratio. 

The decrease in bone carbonates in all the above conditions may be 
assigned to reduced serum C 02 :P ratios rather than to decomposition in 
the presence of acid, since the changes in the pH of the blood were neces- 
sarily slight. 

In alkalosis produced in swine by a rachitogenic alkaline ash diet, an 
increased bone carbonate content is reported (12). This bone carbonate 
content may be ascribed to the increased serum COj^P ratio, since in 
alkalosis, the CO 2 content of the serum increases. 

It is well known that in rapidly growing animals the serum inorganic 
phosphorus is higher than in older animals (32), whereas no significant 
changes in serum CO 2 are known. Thus, the increase in the bone COjiCa 
ratio mth age may be based on the higher C 02 :P ratio of the serum. 

In the one reported case of osteopetrosis in which serum calcium, inor- 
ganic phosphorus, CO 2 , and complete bone analyses were performed (14, 
33), the findings may be explained by our reasoning. The bones of this 
patient (a 85 month-old male) showed hj-permineralization, high density, 
and high carbonate content, accompanied by severe rickets which did not 
respond to vitamin D or irradiation therapy. The carbonate content of 
the bone was high, equal to that of a normal adult bone. The serum CO 2 
was normal, calcium was in the low normal range, but the inorganic phos- 
phorus was low. In this pathological condition, too, the high carbonate 
content of the bone may be related to the raised serum C 02 :P ratio. 

The bones of certain marine fishes contain much less carbonate than 
those of the higher vertebrates. Tliis is related to the lower carbonate 
content of their body fluids, w'hich have a roughlj' equivalent phosphorus 
level (34). Here, too, the lower carbonate content of the solid phase maj' 
be referred back to the lowered C 02 :P ratio of the liquid phase. 

The above discussion is not intended to impl}' that the serum C02:P 
ratio is the onlj’ factor, but it attempts to call attention to the importance 
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of this relationship in explaining all the observed conditions and to its basis 
on theoretical chemical knowledge. 

It is undoubtedly of importance to know the influence inside the cell 
which may alter the relative proportions of carbonate to phosphate due to 
metabolic activity, which in turn may be influenced by factors not as yet 
fully undeistood. However, even here it is possible to predict that the 
carbonate content of bone is a function of the ionic activity of carbonate, 
phosphate, and calcium in the matrix of the cells. 

The authors are indebted to Mr. Charles Young and Mr. Walter Muller 
for assistance in the preliminary phases of these e.xperiments. 

It is a pleasure to acknowledge the cooperation of Dr. Warren M. Cox, Jr., 
of Mead Johnson and Company^ in providing us with the standardized 
xatamin D used. 


SUMMARY 

1. A high COjiCa ratio in bone was found on high calcium-low phos- 
phonis diets 1 whereas this ratio in bone was lower on low calcium diets con- 
taining either suboptimum or large amounts of phosphorus. 

2. Vitamin D lowered the COjiCa ratio of the bones of animals on the 
experimental diets used. 

3. The changes in bone COjtCa ratio with our experimental dietaiy^on* 
ditions and in other conditions reported in the literature are relate to 
changes in the COjiP ratio of the serum. The serum COjiP 

turn are influenced by the dietary Ca:P ratios and levels, modified y 
vitamin D and other factors. . , , 

4. The implications of these findings on the understanding o e 
mechanism of bone formation are discussed. 
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In previous papers the effect of heating pyridoxine ivith amino acids 
(1), ammonia, oxidizing agents (2), and various other substances on its 
activity for various lactic acid bacteria was reported. There was fre- 
quently an increase in growth-promoting activity for these organisms, due 
to formation in small yields of pyridoxal or pyridoxamine by these pro- 
cedures. Because of the high activity of these compounds for these or- 
ganisms relative to that of pj'ridoxine, such an increase in acti%dty would 
appear even though the greater portion of the total vitamin Be (pyridoxine, 
pyridoxamine, and pyridoxal) was destroyed by the treatment. In sub- 
sequent papers of this series, behavior of these compounds toward nitrous 
acid (3, 4), cyanides (4), and heating with amino or keto acids (4, 5) was 
described. 

To define further the stability of the Be vitamins, a study was made of the 
effect of light, acids, alkali, and oxidizing agents on pyridoxine, pyridox- 
amine, and pyridoxal. This was patterned after the recent study of Hoch- 
berg el al. (6), which dealt only with pj'ridoxine. The results are given 
below'. 


EXPERIMENT.AL 

Assays for total -sitamin Be were obtained by a slight modification of the 
yeast growth method of Atkin el al., with Saccharomyces carlshergensis 
4228 (7), which responds about equally' to py'ridoxine, py'ridoxamine, and 
pyridoxal (8). 

In all cases solutions of these compounds were at a concentration of 30 y 
per cc. when treated. 

Dcslniclion by Light — Solutions of pj'ridoxine, pyridoxamine, and pyri- 
doxal were prepared in 0.02 m phosphate buffer at pH G.8, and exposed to 
light in tightly corked Erlenmeyer flasks. A control sample was removed 
from each flask immediately' prior to exposure to be assayed along with the 
light-treated samples. 

The acti\ity of samples following various conditions of exposure is given 
in Table I. All three compounds are rapidly' destroj'ed by light; of the 
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three, pyridoxine is least readily destroyed. Essentially the same results 
were obtained on similar treatment of samples at concentrations of 0,02 y 
of the compound per cc. of solution. Exposure to light of solutions con- 
taining all three compounds gave essentially the assay values which would 
be predicted from knowledge of the behavior of the individual compounds. 

The effect of pH on inactivation by light is shown in Table II. Of the 
three compounds tested, pyridoxamine alone gave evidence of marked in- 
stability in 0.1 N acid solution, although all three substances are slowly de- 


Table I 

Desiruclion of Vitamin Bt hy Light 


Light source 

Time of 

Per cent inactivation 


Pyridoxine 

lyridoxaminc 

PjrrMoxal 

None 


0 

0 

0 

Direct sunlight* 


85 

95 

>99 

tt It 


07 

99 

>99 

Diffuse daylightf 


7.7 

29 

18 

it tt 


39 

70 

50 

tt tt 


59 

89 

76 

Artificial lightf 


4.5 


3.9 

tt it 

3 

16 

24 

13 

tt tt 

6 

26 

47 

33 







* Exposure was begun at 9.30 a.m. and continued as indicated, 
t Placed near a window in the laboratory (northern exposure), 
t Exposed at a distance of 8 inches from a 200 watt tungsten lamp with reflector. 


stroyed. In neutral and alkaline solution, all three compounds showed 
marked instability. The results with py^ridoxine agree with those pre 
viously reported by Hochberg ct al. (6). • • j rl 

To check the possibility that inactivation resulted from light-in use 
oxidation, solutions w'ere prepared in freshly boiled water, then ° 

diffuse light in an atmosphere of methane. Results (Table III) show a 
destruction by light occurs in the absence of oxygen. Only with pyn 
did destruction result more rapidly w'hen oxygen was present. 

Slability on Healing with Acid, Alkali, and Oxidizing Agmts . ' ® , 
doxine (6), pyridoxamine and pyridoxal are stable to heating wi 
chloric and sulfuric acids (Table IV). Pyridoxine and pyn oxami 
not destroyed by heating with strong alkali,' pyridoxal ® ° jjl 

instability under the same conditions. Nitric acid rapi y ^ 
three compounds, presumably by its oxidative action (6). ro 
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suits with nitric acid, it appears that pyridoxal is most stable to oxidation 
and pyridoxamine least stable.* 

Hochherg et al. (6) reported no destruction of pyridoxine in alkaline solu- 
tion by manganese dioxide. The amine and aldehyde were found to 


Table II 

Effect of pH on Destruction of Vitamin Bt by Light 


' pH 

j Per cent inactivation* 

P 3 Tidoxine 

Pyridoxamine 

Pyridoxal 

13.0 

>99 

>99 

>99 

9.0 

99 

99 

99 

6.8 

94 

96 

99 

3.0 

39 

95 

93 

l.Of 

30 

84 

27 


• Exposed 3 hours to diffuse laboratory light and 2 hours to direct sunlight, 
t Exposure to 4 hours of diffuse laboratory light under these conditions resulted 
in less than 10 per cent inactivation of pyridoxine and pyridoxal, but 44 per cent 
inactivation of pyridoxamine. 


Table III 

Effect of Oxygen on Destruction of Vitamin Bt by Light 


Exposure 

Per cent Inactivation* 

Pwidoxine 

bydrocliloride 

Pyridoxamine 

Pj'ridoxal 

O.xj’gen present 

49 


91 

76 


56 


89 

55 




’ Unbuffered aqueous solutions of the compounds were exposed to diffuse labora- 
tory light for 7 hours at room temperature. 


exhibit similar stability. In acid solution, however, manganese dioxide 
rapidly destroys all three compounds at room temperature, as does po- 

‘ At elevated temperatures, pyridoxamine is inactivated by dissolved oxygen. 
This was shon-n by the fact that solutions prepared for assay which contained from 
0.0006 to 0.006 y of pyridoxamine per cc. showed 65 to 85 per cent loss in activity when 
steamed at 100° for 10 minutes. Pyridoxine and pj'ridoxal were undamaged by the 
same treatment. If the solutions of pyridoxamine were prepared in oxygen-free water 
(boiled and cooled), then subjected to the same treatment, no destruction of activity 
was evident. This effect of dissolved air is serious onb' when extremely dilute solu- 
tions of pyridoxamine are heated. With solutions eontaining as much as 1 to 10 y 
per cc., the per cent destroyed b 3 ' similar treatment is so small as to escape detection, 
although prcsumablj’ similar absolute amounts are destroj'ed. 
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tassium permanganate.- Under conditions used herein, hydrogen peroxide 
destroys these compoimds only at elevated temperatures. Previous reports 
of destruction of pyridoxine by this agent at room temperature were compli- 


Table IV 


Effect of Healing with Acid, Alkali, and Oxidizing Agents on Vitamin Bi 


Treatment 

Per cent inacUvttioa 

Reagent 

Time 

BB 

Pyri* 

doiinc* 

Pyridoi* 

amioe 

1 Pyt*- 

[ don} 

Water 

Ars. 

1 

•C. ; 

100 ' 

0 

0 

1 

ft 

n 2 .S 

121 

0 

0 

■1 

Hydrochloric acid, 5 n 

1 

100 

0 

0 

0 

(( II ^ II 

0.25 

121 

0 

0 

0 

Sulfuric acid, 5 n 

1 

100 

0 

0 

0 

II «< 4 II 

0.5 1 

121 

0 

0 

0 

Sodium hydroxide, 5 n 

1 

100 

0 

0 

■1 

II If T II 

0.25 

121 

0 

0 


Nitric acid, I n 

1 

' 100 

10 

60 

■1 

<( <( ^ II 

1 

100 

22 

87 

31 

<• " 5“ 

1 

100 

57 

>99 

62 

Manganese dioxide (basic "solutionlf 

1 

26 

0 

0 

0 

“ “ (acid)t 

1 

26 

>99§ 

>99 

>99 

Potassium permanganatell 

1 

26 

99§ 

>99 

>99 

Hydrogen peroxideU 

4 

26 

o§ 

0 

0 

II II 

1 

121 

>99§ 

>99 

>99 



— 


* The values given are those reported by Hocbberg ct at. (6) e-xcept where other- 
wise indicated. . , 

t 600 T of the compound in 20 cc. of 0,33 x sodium hj’droxide were shaken to 
600 mg. of manganese dioxide. . , 

t 600 y of the compound in 20 cc. of 0.1 n hydrochloric acid were shaken mt 
mg. of manganese dioxide. 

§ Data of the authors. . 

(I 600 y of the compound in 20 cc. of water plus 0.06 cc, of 4 per cent po 
permanganate were allowed to stand 1 hour. The excess permanganate was 
destroyed with 1 drop of 3 per cent hydrogen peroxide, at room 

600 y of the compound in 14 cc. of water plus 6 cc. of 3 per cent } niade 

ide were treated at time and temperatures indicated. The soluti(ms were 
0.1 N with sodium hydroxide and the excess pero.xide removed j dioxide 

manganese dioxide. This avoided the destructive effect due to mangan v 
when used in acidic solution. 


cated by use of manganese dioxide (presumably in slightlj acid sol 
for removal of the excess peroxide. 

5 When an excess of these reagents is avoided, much 
pyridoxine and can be detected by assay with Streptococcus ,3 gj, 

■ (2, 3). One of the products of further oxidation is 4 -pyndox.c acu t , 


caset 
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BT7MMART 

Like pyiidojdne, pyridoxamine and pyridoxal are rapidly inactivated by 
exposure to light. Inactivation proceeds most rapidly in neutral or alkaline 
solution. In 0.1 n acid, all three compounds are comparatively stable to 
light; pyridoxamine, however, is destroyed fairly rapidly by exposure to 
direct sunlight even under these conditions. This inactivation by light is 
not dependent upon the presence of oxygen. 

Pyridoxine, pyridoxamine, and pyridoxal are not inactivated by heating 
at 100° with 5 n sulfuric or hydrochloric acids. Pyridoxal displays slight 
sensitivity to alkali under these conditions; pyridoxamine and pyridoxal 
do not. All three compounds are rapidly destroyed by oxidi 2 ing agents. 
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THE VITAMIN Bs GROUP 

VII. REPLACEMENT OF VITAMIN Bs FOR SOME MICROORGANISMS BY 
d(-)-ALANINE AND AN UNIDENTIFIED FACTOR FROM CASEIN 

By ESMOND E. SNELL 

{From The University of Texas, Biochemical Institute, and the Clayton Foundation for 

Research, Austin) 

(Received for publication, January 10, 1945) 

Previous studies wth Streptococcus faecalis R (S. laclis R) have shown 
that this organism ordinarily requires vitamin Be for growth (1, 2), hut that 
this growth factor is not required if sufficient alanine is added to the medium 
(3). It was postulated that alanine served as a precursor of vitamin Be for 
this organism, and that organisms which were able thus to utilize alanine 
synthesized the remaining portion of the vitamin Be molecule, and coupled 
it uith alanine. Lactobacillus casei, which also requires vitamin Be for 
growth, was unable to dispense uith it even in the presence of excess alanine. 
It was later reported (4) that, although the complete growth response of 
L. casei to vitamin Be could not be elicited by alanine, some effect was 
evident, since gro^vth in the blank tubes (which contained no added vita- 
min Be) was significantly higher when dZ-alanine was added. This be- 
havior would be explicable if failure of L. casei to utilize alanine in place of 
vitamin Be were due to its inability to synthesize the remaining portion 
of the vitamin Be molecule, and if limited amounts of this hypothetical 
second precursor were present in cells of the inoculum. 

To test one phase of this hypothesis required only that various natural 
materials he assayed ndth Lactobacillus casei for their apparent content of 
vitamin Be in the presence and absence of added alanine. When this was 
done, it was found that most materials showed little or no difference. An 
enzymatic digest of \dtamin-free casein, however, proved to be over 30 
times as potent when tested in the presence of dZ-alanine as it was in the 
absence of this substance. VTien such a digest was added to the basal 
medium in amounts too small to produce a growth effect alone, dZ-alanine 
replaced ^^tamin Be for Laciobacilhts casci, as it did for Streptococcus faecalis. 
A comparison of the d and I isomers of alanine showed that d(— )-alamne 
was far more effective for both organisms in producing this response than 
was its naturally occurring antipode. On the other hand, when an alanine- 
free medium was supplemented with ■vitamin Be, Z(-l-)-alanine was more 
active than d(— )-alanine in promoting growth. Some details of these 
findings are presented below. 
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EXPERIMENTAL 

Testing Procedures— Streptococcus faecalis R and Lactobacillus casei 
were used for the growth tests in accordance 'with previouslj' described 
techniques (2), modified when necessary as described below. 

Effect of dl- Alanine on Response of Lactobacillus casei to Emijmatic Digest 
of Casein in Vitamin Bi-Free Medium — 10 gm. of vitamin-free casein (Labco) 
were suspended in 200 cc. of 0.8 per cent sodium bicarbonate solution. An 
aqueous suspension containing 50 mg. of pancreatin (Armour’s) and 50 

Table I 


Effect of dl-Alanine on Response of Lactobacillus casei to Enzymatic Digest of Casein 
in Vitamin Bt-Free Medium 


Addition to bas&l medium* 

Amount per 10 cc. 

G&tvanometer readmgf 

K dI>alnnmo 

1 mg. dZ-aUnice 
per 10 cc. 



f»r. 



None 


10 

13 



10 

12 

Pyridoxine hydrochloride 

0.0002 


32 


0.002 


64 


0.01 


90 

Enzymatic casein digest 

0.3 


32 


1.0 

11 

45 


3.0 

14 

60 


10 

21 

94 


30 

40 



50 

67 

— 


* The basal medium and cultural conditions were those previously pven or 
Lactobacillus casei (2). The basal medium contains 0.5 per cent of a casein hj ro^y 
sate as source of amino acids, and therefore contains some i(-f)-alanine. I em 
bation time was 20 hours at 37°. _ . , 

t Distilled water reads 0.0; a reading of 100 corresponds to no light transmi e 

mg. of trypsin (1 : 110) was added, and the mixture incubated under toluene 
at 37° for 8 days. It was then adjusted to pH 6.0, heated at 100 or 
minutes, filtered, and diluted to 500 cc. To remove traces of 
which might be present, the solution was stirred for 30 minutes jj-g-t 

of activated charcoal (Darco G-GO) and filtered. The effect o . 

upon the growth of Lactobacillus casei in a vitarmn Bs-free medium ^ . 

in Table I. The digest is over 30 times as potent in ^oiyt , j 
action when dZ-alanine is added as it is when dl-a amne ^ 
Pyridoxine shows no such differences in groivth-promoting ^ 
absence and presence of rff-alanine. Subsequent expenmen s 
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this was also true for pyridoxamine and pyridoxal. These data demon- 
strate the presence in enzymatic digests of casein of one or more substances 
which, together with alanine, effectively replace vitamin B« for growth of 
L. casei} The active substance (or substances) is rapidly and completely 

Table II 


Growth Response of Lactobacillus casei to dl-Alanine and Related Substances on Vitamin 

Bt'Free Medium* 


Addition to basal medium' j 

Amount added i 
per !0 cc. 

Galvanometer i 
readingt 

Relative potency 
(approximate) 

, 

Wf. 



None 


20 


Pyridoxine hydrochloride 

0.10 

92 

i 

df-Alanine 

0.050 

45 



0.10 

69 



0.15 

78 

1.0 


0.50 

84 

1 

1 


1.0 

84 


I(-l-)-Alaninet 

0.10 

22 



O.SO 

24 

0.0075 


2.0 

27 



4.0 

35 


d(— )-Alanlnet 

0.025 

45 



0.050 

68 


j 

0.10 

79 



0.15 

84 

2.0 


0.20 

84 

1 

Sodium pyruvate 

1.0 

20 

0.4X)012 


3-0 

23 



10.0 

26 

i 


* The basal medium was that described in Table I, supplemented with 10 mg. per 
10 ec. of the charcoal-treated, enzymatic casein digest (see text). 

t As in Table 1. 

t The f(-f )- and (i(— )-alanines were analytically pure samples prepared by resolu- 
tion of df-alanine and ts’ere kindly supplied by Professor Max S. Dunn. The prep- 
aration and physical constants of these samples have been reported in detail by Dunn 
andcoworkers (9). The same preparations were used throughout the investigation. 

destroyed by treatment with strong acids or alkali, is adsorbed by charcoal 
only with great difficulty, and is not destroj^ed by exposure to direct sun- 

' At comparatively high levels, the casein digest replaces vitamin B« in the absence 
of df-alanine. This may be due to the presence of traces of vitamin Bi in tlie digest , 
or an effect of the unknown substance when present in excess. Separate experiments 
have shorvn that a large number of lactic acid bacteria which otherwise require added 
vitamin Bi will grow well in its absence if an enzymatic protein digest is included in 
the medium; in manj’ cases the response is improved by added df-alanine. 











500 


VITAmN Bs GROUP. VH 


light for a period of several hours. In all these respects, it differs markedly 
from pyridoxine, pyridoxamine, or pyridoxal (5). It can be differentiated 
from the substance present in enzymatic protein digests which promotes early 
growth of L. casei and other lactic acid bacteria in media which contain 
pyridoxine (6-8) on the basis of its distribution. Its nature is being further 
investigated. 


Table III 


Growth Response of Streptococcus faccalis to dl-Alaninc and Related Substances on 

Vitamin Bt-Free Medium 


Addition to basal medium* 

Amount added 
per 10 cc 

Galvanometer 

rcadmgt 

Relative potency 
(approximate) 


mf 



None. ... 


12 


Ryridoxine hydrochloride. 

0.10 

73 


<ff-Alaninc 

0.10 

24 



0.30 

35 

1 0 


1.0 

70 


3.0 

76 


Z(+) -Alanine 

0.50 

30 



1.0 

46 

0 36 


3.0 

66 


10.0 

76 


d(— )-Alanine 

0.03 

18 



0.10 

29 

20 


0.30 

58 


1.0 

77 


Sodium pyruvate 

1.0 

17 

0.02 


3.0 

22 


10 

26 

. 


* The basal medium and cultural conditions were those previously given or 
Streptococcus faecalis R (2) . This medium contains 0 5 per cent of a casein hy o y^ 
sate as source of amino acids, and therefore contains some f(+)-alanine, w lo i 
essential for growth of the test organism ((3), cf. also Table IV). Incubation ini , 
16 hours at 30°. 
t As in Table I. 


Comparalivc (rrowlh Response of Lactobacillus casei and Stnptoc^ 
faecahs to Optical Isomers of Alanine in Vitamin Bs-Free Media onsi er 
tion of Table I reveals that, under the conditions used, Lactobaci 
grows only slightly in the vitamin Be-free medium supplemente . 
mg. of the enzymatic casein digest per 10 cc., but , , j 

1 mg. of dZ-alanine is also added. When the enzymatic diges 
the medium (containing no vitamin Be) at this concentration 
becomes the factor limiting groudh. The response of ac o 
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to dl-alanine and its optically active constituents under these conditions 
is shown in Table II. The surprising fact emerges that d(— )-alanineis 
the substance which promotes growth under these conditions. K+)- 
Alanine is less than 1 per cent as active as its antipode; pyruvic acid has 
still less activity. With pyruvic acid the full response obtained mth d(— )- 
alanine cannot be obtained at any concentration. 

Similar data obtained with Slreplococcus faecalis E, are presented in 
Table III. The enzymatic digest of casein is unnecessary to secure a re- 

Table IV 


Growth Response of Slreplococcus faecalis R to Optical Antipodes of Alanine in Alanine- 
Free Medium Containing Vitamin Bt 


Addition to basal medium* 

Amount added 
per 2^ cc. 

Galvanometer 

reading 

Kelative potency! 
(approximate) 


mf. 



None 

0 

4.0 


dl-Alanine 

0.04 

18.0 



0.06 

43.5 



0.09 

55.8 

1.0 


0.12 

58.0 


0.18 

59.0 


J(+) -Alanine 

0.04 

27.5 



0.06 

54.0 

1.3 


0.09 

58.0 


d(“) -Alanine 

0.10 

22.3 



0.15 

24.6 



0.20 

40.0 

0.33 


0.30 

55.0 1 



0.50 

59.3 



* The basal medium and technique used were essentially those described by 
McMahan and Snell (11). The medium was modified as follows: additional pyri- 
doxine (25 t per 2.5 cc.) and additional KjHPOj and KHjPOi (6.25 mg. each per 2.5 
cc.) were added to the medium; alanine was omitted. 

t In a series of subsequent assays <i(— )-alnnine showed potencies of 0.40, 0.36, 
0.42, and 0.30; l(4-)-alanine potencies of 1.20, 1.35, and 1.27 with respect to df-alanine 
(potency 1.0). Pyruvic acid was inactive. 

sponse to alanine from this organism, and was not added to the medium. 
With this organism, d(— )-alanine is from 6 to 10 times more active than 
K+)-alanine in substituting for vitamin Bs. In contrast to Laclohacillus 
casci, however, this organism is also able to make effective use of !(+)- 
alanine. PjTuvic acid has very slight activity, and does not give the full 
response given by alanine at any concentration. Addition of ammonium 
salts did not increase availability of pyruric acid for either organism. 
Comparative Growth Response of Streptococcus faecalis R to Optical Isomers 
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of Alanine in Alanine-Free Medium Containing Vitamin B(r-Whea vitamin 
Be is present, alanine is not required for the gro\vth of Lactobacillus casei 
(10) . Streptococcus faecalis R, however, requires this amino acid for growth 
in the presence of vitamin Be (3). The effectiveness of the optical antipodes 
of alanine in permitting such growth was therefore determined. Results 
(Table IV) show that under these conditions l(+)-alanine is considerably 
more active in promoting growth than is d(-)-alanine. , This result would 
be expected, since alanine is presumably required in this case for formation 
of proteins, and only Z(+)-alanine is thought to occur naturally in proteins. 


DISCUSSION 

Results cited above are most readily interpreted as indicating that 
d(— )-alanine and one or more substances of unknown nature present in an 
enzymatic digest of casein serve as precursors from which vitamin Bj is 
synthesized by these microorganisms (c/. (3 , 4) ) . If this is true, the synthetic 
process must be rather inefficient, since large amounts of d(— )-alanineare 
required compared with the amounts of pyridoxamine or pyridoxal which 
permit growth of these organisms (2). It is possible, of course, that pres- 
ence of these substances permits growth of the organisms, and even syn- 
thesis of vitamin Bo without their direct involvement as essential 
precursors in the synthesis, but this is considered less likely. However 
one interprets the effect, two points of major interest arise from the in- 
vestigation: (a) the discovery of a substance of unknown nature (pre- 
sumably an amino acid or peptide) in protein digests which is physiologically 
active for some organisms, and establishment of test conditions for detecting 
its presence, and (b) the demonstration that amino acids of d configuration 
may be necessary for processes essential for growth of living 
Previous investigations such as those dealing ivith d-amino acid oxidase 
or the natural occurrence of d-amino acids (13-15), including df-alanine 
(16), in products of microbiological origin have indicated that d-amino 
acids may occur naturally under some conditions; but so far as the au o 
is aware, no previous data indicating that such substances may be essen la 
for normal metabolic processes have been obtained. _ • i ff ts 

The fact that only 1 mg. of df-alanine would produce physiolopca e ec 
of the observed magnitude when added to a basal medium wWc ^ ^ 

contains more than this amount of ;(-l-)-alanine is satisfactorily e^ a 
by the lack of activity of the latter substance. It is inter^tmg^^ 
Streptococcus faecalis, pyruvic acid does not replace either ^ 
alanine in their respective functions, although the optica an ip 
utifized with low efficiency. If only Z(+)-alanine serves . jg j^di- 

thesis, and if only d(-)-alanine serves for replacing vitamin 6 f 
cated by the specificity of its requirement by Lactobaci u > 
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pyravic acid must not appear as an intermediate in the interconversioh of 
these two substances. 


SUMMARY 

An enzymatic digest of vitamin-free casein contains a substance which, 
together with di-alanine, permits growth of Lactobacillus casei in the absence 
of vitamin Be. In contrast to vitamin Be, this substance is destroyed by 
acid or alkaline hydrolysis, is not destroyed by light, and is not readily 
adsorbed from aqueous solutions by charcoal. 

When optimal levels of this substance are added to the vitamin Be-free 
medium, the growth response of Lactobacillus casci to alanine can be de- 
termined. It was found that under these circumstances d(— )-alanine pro- 
motes growth, while i(-l-)-alanine is almost inactive. 

F or Streptococcus faecalis R, alanine alone replaces vitamin Be. Although 
l(-l-)-alanine has some activity in this respect, it is less than one-sixth as 
active as d(— )-alanine. If the growth response of the same organism to 
the optical antipodes of alanine is determined in an alanine-free medium 
which contains vitamin Be, it is found that Z(4-)-alanine is most active, 
whUe d(— )-alanine has considerably less activitjL It tlius appears that 
both optical forms of alanine are required for growth of these organisms in 
the absence of vitamin Be, each serving different functions within the 
organism. 

A short discussion of these results is included. 
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ON THE CONDENSATION OF ACETYL PHOSPHATE WITH 
FORMATE OR CARBON DIOXIDE IN 
BACTERIAL EXTRACTS* 

Bt FHITZ LIPM^NN and L. CONSTANCE TUTTLE 
(FTom the Biochemical Research Laboratory, Massachusetts General Hospital, Boston) 

(Received for publication, December 18, 19-14) 

A conversion of the acetyl part of pyruvate to acetyl phosphate first 
became apparent in pyruvate dehydrogenation vith an enzyme from a 
Laclohacillus delhrueckii (1, 2). Recentlj' a more general application of 
this scheme of pyruvate degradation was observed by Koepsell, Johnson, 
and Meek (3) and by Utter and Werkman (4). The newly described re- 
actions are straight cleavages of a pyruvate-phosphate addition product to 
acetyl phosphate plus either hydrogen and carbon dioxide or formate. 
The relationship between the three types of pjmivate degradation knomi 
to jdeld acetyl phosphate appears in the following equations. 

CHrCO-OPOr -b CO, + H,X 

I +X/' 

CHyCO-COOH + H-OPO," •»-» CHj-CO-OPO," + CO, -b H, 

! ! 11 

CH,.CO-OPO,“ -b HCOOH 

In the above reactions cleavage is coupled with condensation and, from 
thermodynamic coqsiderations (c/. (5)), it appeared likely that in spite of a 
fission between the 2 carbon atoms this type of reaction represented a re- 
versible shift of energy rather than an energy loss to the emdronment. 

For an experimental approach to the problem of reversibility the two 
more recently discovered reactions, occurring in Clostridium butyliciim (3) 
and Escherichia coli (4) respectively, were especially promising.* There 
we encounter the simplest type of phosphoroclastic reaction, the one which 
is essentially the result of intramolecular rearrangement and does not re- 
quire an external impulse. The dehydrogenation of pyruvate in Lado- 
hacillus delbrueckii, on the other hand, is constructed in such a manner that 

* This work was supported by a grant from the Commonwealth Fund. 

‘ Although Clostridium bulylicum and Escherichia coli both catalyze the reaction 
pyruvate acetyl phosphate, hydrogen, and carbon dioxide, the enzymatic 
mechanism in the two organisms is not identical. Koepsell and Johnson reported 
that Clostridium extracts, which catalyze the over-all reaction, do not react with 
formate. In contrast, with appropriately grown Escherichia coli, the reaction occurs 
in two distinct stages, (1) pyruvate — acetyl phosphate, formate; (2) formate 
hydrogen, carbon dioxide. 
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only in the presence of a hydrogen acceptor is the phosphoroclastic split of 
pyruvate allowed to proceed (6). There a reversal can be expected only 
in the presence of a suitable hydrogen donator, which as an additional 
component brings the system into a higher order of reaction. 

Of these phosphoroclastic pyruvate degradations, moreover, the split 
to acetyl phosphate and formate in Escherichia coli (4) is the simpler one. 
Assuming the still somewhat problematical pyruvate-phosphate addition 
product to be a single component, this reaction may be considered in fact 
as a monomolecular reaction. It is rvith this reaction also that the most 
complete evidence of reversibility has been obtained so far. 

In the present communication are reported experiments with prepara- 
tions of Clostridium bulylicum and Escherichia coli which pertain to the 
reversibility of the phosphoroclastic reaction. A preliminary report on 
part of this wmrk appeared earlier in this Journal (5). 


M elhods and Enzyme Material 

Manometric measurements were carried out in the usual manner with 
manometers and vessels of the Warburg type. 

Phosphate W'as determined according to Fiske and Subbarow (7), and 
acetyl phosphate as described in an earlier publication (8). In the expen- 
ments wth radioactive phosphate we used, for a separation of inorgamc 
and acetyl phosphate fractions, the method prexdously described (8) under 
the heading, “Direct determination of acetyl-bound phosphate.” The 
calcium phosphate fractions thus obtained were dissolved in hydrochloric 
acid, made up to volume, and aliquots were used for phosphate and radio- 
activity assays. 

Radioaetivity Determination — Radioactive phosphorus was kindly sup- 
pUed to us by Professor Irvine of the Massachusetts Institute of Technolo^ 
in the form of inorganic phosphate. The samples were measured m o 
porcelain disks and dried slowdy and evenly on electric hot-plates, u er 
standardized conditions the rate of discharge of a quartz fiber elMtroscope 
(model 1, Lauritsen electroscope, made by the Fred C. Henson 
Pasadena, California) was measured as described by Cohn an ree 

Keto arid was determined by the micromethod of Lu (10) as 
recently by Friedemann and Haugen (11). The phenylhy razone 
extracted with benzene, the use of which, according to Fne ema 
Haugen, makes the procedure rather specific for pyruvate. 

Enzyme Preparations — ^Extracts of Escherichia coli were 
glass powdeV procedure of Wiggert et al. (12). A samp e o ® m 
used by Utter and Werkman in their work on pyruva e me 

« We are indebted to Dr. Waldo Cohn and Dr. Austin Brues for most valuable 
•with the estimation of radioaotmty. 
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was kindly supplied to us by Professor C. H. Werkman. The culture fluid 
was composed as follows: 0.4 per cent beef extract, 0.4 per cent peptone, 
0.2 per cent yeast extract, and 0.2 per cent NaCl in 10 per cent tap water. 
The pH came to about 8. A few crystals of n-octadecjd alcohol were 
added to prevent foaming. In order to prevent formation of the undesir- 
able formate-splitting enzyme, the medium was vigorously aerated during 
incubation (Stephenson (13), Woods (14)). After a growth period of 24 
hours at 28-30° we centrifuged the bacteria in a cream separator. Fre- 
quently the paste was frozen overnight before the extract was made. The 
extracts were kept frozen for several days, generally without change of 




Fig. 1. Induction period nith pyruvate breakdown in Escherichia coH extract. 
0 5 ml. of extract in 0 63 ml of 0 04 m sodium bicarbonate and 0 016 'm phosphate solu- 
tion. At zero time, 0 05 ml of molar pyruvate solution w as dipped from the annex of 
the Warburg vessel. Nitrogen-10 per cent carbon dioxide in the gas phase; tem- 
perature 30 5° Upper curve, 0 2 ml of boiled rat liver (1 : 1) added. 

Fig. 2 Inhibition of pyruvate decomposition by hydrogen in extract of Clos- 
tridium butylicum The mam compartment of the vessel contained 25 mg of enzyme, 
200 micromoles of pyruvate, and 60 micromoles of KHjPOi in 1.1 ml. of fluid Nitro- 
gen or hydrogen in the gas phase, temperature 37° The average inhibition through 
hydrogen amounts to 42 per cent 

activity. Activity was tested manometrically by measuring in bicarbonate 
solution at 37° the acid formation due to pj’ruvate decomposition. 1 ml. 
of extract produced from 300 to 1000 microliters of acid per hour (corrected 
for carbon dioxide retention). 

Some of the extracts, in particular those repeatedly frozen, reached the 
final rate of pyruvate decomposition only after prolonged incubation. This 
induction phenomenon is shown in Fig. 1. It indicates that an essential 
part of the enzjTne system is activated autocatalytically. Addition of 
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boiled rat liver, but not of cocarboxylase alone, abolished the induction 
period without affecting the final rate (c/. Pig. 1). The liver extract con- 
tained various metabolites, especially appreciable amounts of carbohydrate. 
Therefore, its addition in reversibility experiments, although desirable, 
appeared impracticable. 

The enzyme preparation from Clostridium buiylicum was a sample of 
lyophilized extract (15) prepared by Dr. Koepsell and Dr. Johnson and 
generously supplied to us. 

Inhibition of Phosphorodaslic Split of Pyruvate by Hydrogen 

In the course of a study on the action of carbon monoxide in butyric acid 
fermentation, Kubowitz observed (16) that hydrogen inhibited the gas 
formation from glucose by Clostridium buiylicum. It seemed desirable 
now to test the effect of hydrogen on the isolated phosphoroclastic system 
of Koepsell and Johnson (15). 

The experiment of Fig. 2 shows that hydrogen of atmospheric pressure 
causes a 40 per cent inhibition of carbon ^oxide-hydrogen formation from 
pyruvate. In a similar experiment acetyl phosphate was determined. In 
105 minutes, 12.6 and 8.5 micromoles had been accumulated in nitrogen 
and hydrogen respectively. The results show that the rate of enzymatic 
decomposition of pyruvate to acetyl phosphate, hydrogen, and carbon 
dioxide is slowed doivn considerably by hydrogen, one of the products of 
the reaction. 

Exchange of Inorganic and Acetyl-Bound Phosphate 

Reversibility of a reaction of the phosphoroclastic type’ 

CH,CO-COOH + HO-PO, ^ CH.COO ~ PO, + (B:, + CO,) or HCOOH (D 

involves a continuous shift between inorganic and acetyl phosphate. 
Since methods for the separation of acetyl and inorganic phosphate ( ) 
are available, such phosphate exchange can be explored with the help o 
radioactive phosphate. . , 

The general procedure of these experiments was to bring the 
all additions, except acetyl phosphate, into the main part of a 
vessel and into the annex a mixture of acetyl and raihoactive moig 
phosphate. The vessel was then filled with the desired gas ^ ’ 
brought to temperature equilibrium, and the experiment was starte 
ping the contents of the annex into the main part of the 
experiment was terminated by addition of trichloroacetic acid to 
vessel. 

> The sign is used to distinguish the energy-rich phospbste bond 3 yjo. 

bond energy of 12 kilocalories from the ordinary eater bond vn 
calorics (17). 
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In preliminary experiments, it was found that under our conditions the 
sum of inorganic and acetyl phosphate remained constant, inside the limits 
of experimental error. Moreover, all radioactivity added as inorganic 
phosphate was at the end recovered in the two fractions of inorganic and 
acetyl phosphate. Under such conditions, the degree of turnover may be 
estimated as exchange percentage from chemical ) and radioactirdty 

(P*) determinations on the acetyl phosphate (Poc'“ , Poc) ^nd inorganic 


Table I 

Exchange of Radioactive P in Extracts of Ciostridium butylicum 
Experiment 1,0 3 ml. of 10 per cent enzyme solution in 0 8 ml of nater, 37°; Ex- 
periment 2,0 4 ml. of 10 per cent enzyme solution in 0 9 ml of water, 37°; plus addi- 
tions as indicated in the table. 


Experiment 

No 

1 Incubation 

1 time 

Gas phase 
' (4*18t>er 

1 cent COO 

Kc 

P* ' 

* 1 

Kc 

pchem 

Exchange 

1 

2 

mtn 

3 

10 

0 

28 

H, 

N, 

H, 

N, 

H, 

K, 

mtUtmtero- 

curtes 

31.5 

30.5 

36 

33 

9 

133 

130 

135 

mtUtmicTo-' 

citrtet 

114.5 

113 

121 

115 

510 

410 

400 

410 

per cent 

21.5 

21 

23 

22 

2 

25 

24 

25 

per cent 

64t 

62 

57 1 

59 

37 

24§ i 

31 

32 

per cent 

34 

34 

40 

37 

(5)t 

104 

77 

78 


t Pf'”- is 1.49 mg. of P. 


t This is not real exchange, but due to experimental error in our method of frac- 
tionation. 

I P'ttm. ^ pchim Jg j 10 mg. of P. 


^pchcm ^ phosphate fractions respectively. Then the degree of ex- 
change is expressed bj'' the following relation. 


P* 


Exchange % 


K + Pt 

pcbem. 

^ac 

pcbcm. ^ pcbem. 


X 100 


( 2 ) 


In Tables I, II, and III the results of these experiments are brought to- 
gether. It appears that with both bacterial extracts, which respectively 
catalyze the two reactions summarized in equation (1), exchange occurs 
between acetyl and inorganic phosphate. Equilibrium between oiganic 
and inorganic phosphate was reached after J to 1 hour of incubation. 

It is remarkable that the rate of exchange in both cases is influenced none 
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or little by the addition of reactants other than acetyl phosphate; e.g., 
hydrogen, carbon dioxide, or formate (c/. equation (1)), With Closlridium 
extract almost no acceleration was found \vith hydrogen in the gas phase 
(Table I). With extracts of Escherichia coU, correspondingly, formate had 
no or little effect on the rate of phosphate exchange (Table III). Deter- 

Table II 


Exchange with Different Concentrations of Clostridium bulylicum Extract 


5 per cent dry ptcpatalion 

Exchange* 

Rematks 

ml. 

Ptr cent 


0.05 

3.5 

10 min. incubation, 37°; 

0.15 

12.5 

nitrogen in gas phase 

0.4 

42.5 



• Corrected for the blank. For further detail see Table I. 


Table III 

Phosphate Exchange with Extracts of Escherichia coli 
0.5 ml. of bacterial extract was used per experiment in 1.25 ml. of 0.01 si fluoride, 
S.(H M sodium bicarbonate, and additions as indicated in the table. Temperature 
30.5°. Nitrogen-5 per cent carbon dioxide in the gas phase. Formate, when added, 
3.01 M final concentration. 


Expetiment 

No. 

Time 

Formate 

(corrected for 

^chem« 

^oc 


Etdunse 




the blank) 





min. 


tnillimicriy' 

curies 

per cent 

per cent 

HOj 

1 

5 



11 


2.7 







4.1 



20 



49 

13.4 






49 

16 


2 

20 


Cl 

48.5 

15.6 

33 




57 

63.6 

15 

27 


40 


78 

38.4 

20.5 

53.3 



+ 

94 

42 

24.7 

59 


pchtm. ^ pchem. j 28 and 1.38 mg. of P for Experiments 1 and 2 respectively, 
-f P* 410 and 380 millimicrocuries for Experiments 1 and 2. 


mination of formate by the mercurous chloride method indicate ’ 
the presence of 5.4 micromoles of formate per ml. of Escherichia co i 
The extracts used in these experiments contained, of course, 
variety of enzypae systems besides the one under investigation. _ ^ 

the pathway indicated by the reversible phosphoroclastic reac 
fore, the possibility of other routes of exchange has to be consi 
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has been shown previously with Closlridium extracts that a reversible 
phosphoryl transfer occurs between acetyl (ac ~ ph) and adenyl poly- 
phosphate (ad ~ (ph)::). On the other hand Meyerhof el al. (18) demon- 
strated in muscle extract a rapid exchange between inorganic and adenyl 
polyphosphate due to the coupling with lactic acid fermentation. There- 
fore a coupling of the reactions indicated in equations (3, a) and (3, b) 
comes into consideration as an alternative course of exchange. 

fermentation 

i 

ad'H + inorganic phosphate ad ~ ph -h H"*" (3, a) 

ad ~ ph -h aO‘H ac ~ ph -J- ad-H (3, 6) 

An important difference between exchange through condensation (equa- 
tion (1)) and through a coupling sequence is that the latter involves the 
phosphorylation of free acetic acid (equation (3, b)). If this were the 
main cause of the exchange observed here between inorganic and acet}’! 
phosphate, an equally fast exchange between free and phosphorylated 
acetic acid should be expected. "Utter, Lipmann, and "Werkman (19) have 
with equivalent extracts of Escherichia coK determined the exchange be- 
tween acetic acid containing heavy carbon and pyruvic acid which is 
expected to occur through the sequence of reactions (3, b) and (1). They 
find a significant entrance of acetic acid into pyruvic acid only vith addition 
of excess adenyl pyrophosphate. Even then they found this exchange to 
be about 20 times slower than exchange between formic and pyru\ic acids. 
Complete equilibrium between hea^'y carbon formate and pyruvate was 
generally reached in about 50 minutes. The highest value for the incor- 
poration of acetate into pyruvate, however, was 0.22 out of 3.6 atom per 
cent excess C” in 75 minutes. 

It appears then that the fast formatc-pjTuvate equilibration, certainly 
due to reaction (1), is of a velocity comparable to that of the phosphate- 
acetjd phosphate exchange and that the acetate exchange, expected to be 
due to a combination of reaction (3, b) with reaction (1), is a much slower 
process and dependent on the presence of an excess of adenjd pjTo- 
phosphate. 

Tliis makes a coupling of the type represented in equations (3, a) and 
(3, b) unlikely as a cause of our fast turnover. The combined results lead 
us to the conclusion that the phosphate exchange is caused predominantly 
by reaction (1), in which free acetic acid does not enter into the equilibrium. 
A reversible condensation of acetyl phosphate with compounds other than 
formate, or hydrogen plus carbon dioxide, however, may merit considera- 
tion as a contributing factor. 
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Condensation of Acetyl Phosphate and Formate to Pyruvate 

During the axperiments with Clostridium extracts it had been obsen-ed 
that just detectable amounts of a bisulfite-binding substance were formed 
on addition of acet3d phosphate. At that time the carbonyl formation 
was not followed more closely. The publication of the experiments of 
Kalnitsky and Workman ( 20 ) and of Utter and Workman ( 4 ) on the mecha- 
nism of pjTaivate decomposition in extracts of Escherichia coli, however, 
as pointed out in the introduction, gave promise that in this S 3 'stem there 
could be found the most favorable conditions for a carbox3’lation of acet3d 
phosphate to pyruvate. 

The experimental conditions were analogous to those in the e.xperiments 
on phosphate exchange. Warburg vessels were used and in the main part 
were put the extract and stable additions, while the acet3d phosphate came 
into the annex. The gas phase contained nitrogen with 5 per cent carbon 
dioxide, and after equilibration to 37 ° the experiment was started by dip- 
ping. In all experiments bicarbonate was added in amounts slightly 
exceeding that of acetyl phosphate. This was necessary to buffer the 
acid formed b3’' acet3'l phosphate decomposition. Although fluoride was 
added to counteract this, mostl3’' enzymatic, breakdown, a considerable 
decrease in acet3d phosphate concentration alwa3’s took place in the course 
of such e.xperiments (c/. Table IV). It was, therefore, advantageous to 
follow the decomposition manometrically, as the bicarbonate decomposition 
allowed an approximate estimation of the amounts of acetyl phosphate left 
at various stages of the e.\-periment. The values given in Table W, how- 
ever, for acet3'l phosphate were determined by the more accurate chemical 


method. 

The unavoidable change of acet3’l phosphate concentration made it m- 
possible to obtain a stable equilibrium in these extracts. Corresponding 
to the continual decrease in acet3d phosphate concentration, the keto aci 
concentration, built up initially to a maximum, fell later, parallel wt 
the more or less complete disappearance of acet3d phosphate (Tab e , 
Experiment 1 ). A further proof that we were dealing here nith ^ 
equilibrium was given b3’’ experiments in which excess p3TUvate wm a 
at the beginning. Here, in the presence of acet3d phosphate and 
P 3 TUvate concentration fell to the equilibrium level indicated in 
ment 1 and remained constant for a time, while without acetyl P 
pyruvate disappeared rapidl3' and practically completely during e s 

time interv^al. The approach to the equilibrium concentration o P 3 J^' 


from both sides is graphically reproduced in Fig.’S. 

In some of the extract samples, p3T:uvate appeared ® ” Table 
did not reach the levels obtained in the experiments recomed . 
Generally, in such extracts, when tried with p3Tuvate, the m 
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nomenon mentioned earlier was observed. Such variations in activity, 
therefore, may be explained through initial incompleteness of the enzjTne 
system which is indicated b 3 ' induction. 

In the last colunm of Table IV values for the equilibrium constant (to- 
ward condensation) are calculated; they average for k roughly 0.01. From 
this constant AFo is calculated (21) to be about -1-2.8 kilocalories. The 
values are, of course, only rough approximations. Our conditions were 

Table IV 

Reversibility of Phosphoroclastic Reaction with Escherichia coli Extract 
0.5 ml. of enzyme extract in 1 ml. of 0.05 M sodium fluoride and 0.05 M sodium 
bicarbonate plus additions as indicated in the table. Temperature 30.5°. Nitrogen- 
5 per cent carbon dioxide in the gas phase. 

The results are expressed in micromoles per ml. 


Experiment 

No. 

Time 

Formate 

Acetyl 

phosphate 

Phosphate 

Pyruvate 

Phosphate X pyruvate 
Formate X acet>*l phosphate 

k 


mirt. 






1 

0 

150 

50 

10 




25 

150 

38 

20 

0.17 

0.006 


60 

150 

24 

34 

0.14 

0.013 


150 

150 

2 

56 

0.07 

0.10 


60 


24 

34 

0.03 



150 

150 


10 

0.04 


2 

0 

150 

50 

10 

0.31* 



10 

150 

43 

17 

0.22 

0.006 


20 

150 

38 

20 

0.20 

0.007 


40 

150 

31 

27 

0.20 

0.011 

3 

0 

150 

50 

10 

0.31* 



30 

150 

33 

25 

0.18 

0.009 


30 

150 


10 

0.10 



30 


33 

25 

0.10 



30 



1 

0.05 



* 0.27 micromole of pyruvate added at zero time. 


rather unfavorable for the fixation of a final state of equilibrium. The true 
constant maj' be expected somewhat higher and AFo correspondingh' lower 
than the given values. 

Attempts were made to drive the reaction toward the pj'ruvate side, 
either through carbonj-1 fixation or through pj-ruvate reduction. Both 
methods proved inapplicable in the present case. Cj’anide, the most 
powerful fixing reagent (22), inhibits the enzjTne reaction according to 
Kalnitsky and Workman (23). Hydroxjdamine, semicarbazide, and similar 
compounds were found to react rapidh' with acetyl phosphate, replacing 
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the acyl-bound phosphate. Keduction of pyruvate was tried through addi- 
tion of hexose diphosphate or hydrogen gas, but wth our extracts only 
slight reduction to lactate was observed even with high concentration of 
pyruvate. 



MIMUTES 

Fig. 3. The graphic reproduction of Experiments 1 and 2 of Table IV illustrates 
the approach to equilibrium from both sides of the equilibrium level. 


Comments 

Animal Tissues — Carbon dioxide fixation in the carboxyl 
acid has been described by Wood ct al. (24) in pigeon liver. ^ In eir 
cussion of this reaction the question was left open whether it was ue 
Ca -h Cl or Cs -1- Cl condensation or to both. Eeductive 
through metabolite hydrogen would offer a mechaiusm for Ca * j. 
densation. The viability of such a reaction in animal tissues, 
remains to be proved. If true, this reaction would, as 

considered as a pathway for the carbon dioxide fixation m g y 
described by Vennesland cf af. (25). Theoretically, fur_ e ’^ate 
remote possibility exists that carbon dioxide fixation in a 
(25) may occur by reductive carboxylation of succmyl pnosp a 



F. LIPMANN AND L. C. TUTTLE 


515 


Photosynthesis — ^After identification of acetyl phosphate as a degradation 
product of pyruvic acid the possibility was mentioned (17) that a hydro- 
genative carboxylation may be a key reaction in photosynthesis. Our 
early suggestion was more recently elaborated by Ruben (27) in a dis- 
cussion of the probable relation between photosynthesis and phosphoryla- 
tion {of. also (28)). The finding of Ruben and his group (29) that the pri- 
mary reaction in photochemosynthesis is the formation of a carboxylic 
acid lent renewed emphasis to a carboxylation scheme, an obstacle for the 
development of which was then, however, still the apparent irreversibility 
of a-keto acid decarboxjdation. With the present demonstration of hydro- 
genative carboxylation of acetyl phosphate the biological possibility of such 
a reaction is sho'wn, and the way is opened for a serious discussion of the 
part reactions of this type are likely to take in photochemosjmthesis. 

The recent development in photosynthesis (van Niel (30), Gaffron (31)) 
showed with increasing clarity that the light-promoted synthesis of carbo- 
hydrate from carbon dioxide and water may be separated into two largely 
independent sequences of reactions; the light reaction and the chemo- 
synthesis. The light reaction proper emerged as a photolysis of water 
which feeds hydrogen into the chemosynthesis system. If, therefore, an 
abundant availability of photolytic hydrogen is taken for granted, the 
light process can be left out of consideration in this first approximation to a 
mechanism of chemosynthesis.^ 

As shown in the experimental part, at equilibrium a relatively small 
part of acetyl phosphate only is condensed with hydrogen and carbon 
dioxide, or with the energetically equivalent formate, to form pyruvic acid. 
However, a coupling of this reaction with the highly exergonic hydrogena- 
tion of the keto acid to hydroxj' acid (AFo; —11.4 kilocalories (32)) should 
drive the condensation easily to completion. As an example for the occur- 
rence of this coupling the earlier findings of Slade et al. (33) may be cited 
here. They found in Clostridia and Streptococcus paracitrovorus a fixation 
of carbon dioxide in the carboxj'l group of lactic acid which could not be ex- 
plained by the Wood and Workman reaction. From recent findings this 
carbon dioxide fixation is now explained as due to condensation of acetyl 
phosphate, carbon dioxide, and hydrogen, coupled with reduction of pyru\'ic 
to lactic acid. 

This sequence of reactions from carboxj'lic to the next higher hydroxj' * 

* Photolytic production and the utilization of hydrogen for chemosynthesis, ap- 
parently, are intimately connected with each other. In Gaffron’s experiments with 
hydrogen-adapted organisms (31) in the dark, carbon dioxide reduction, although ap- 
preciable, was only a relatively small fraction of the reduction with optimum 
illumination. It should be mentioned here that in our abbreriated formulation we 
neglected the fact that the primary split of water is expected to occur between 
hydrogen and hydroxyl (c/. (31)). 
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acid is summarized in Table V. The energy data show that the over-all 
reaction is exergonic by a large margin. Essentially this sequence repre- 
sents reduction of carbon dioxide to the carbohydrate level. 

Table V 


Thermodynamic Data for Partial Reactions of Reductive Carbozylalion 


Reaction 


Organism 

Reference 

CHjCOO- -P ad ~ POi- CH,C00 ~ PO" -p ad" 

kih- 

calories 

+3.0 

Clostri- 

Lipmann 

Hj -p HCOr HCOO- -p. H,0 

-0.2 

dium 

Escheri- 

(2) 

Woods 

CHjCOO ~ POi- -P HCOO- ^ 

-P2.8 

chia 

coli 

Escheri- 

(14) 

This 

CH,CO-COO- -p HO -POr 


chia 

paper 

CHjCO-COO- -P H, Vi CH, CHOH- COO- 

-11.4 

coli 

Gono- 

Barron 

Over-all: GHjCOO" -P'2 Hs -P CO, -P ad ~ POr?^ 
CH, CHOH- COO- -P adH -P HO-PO," 

-5'.8 

COCCUS 

and 

Hast- 

ings 

(32) 


Table VI 

Scheme of Photosynthesis by Alternating Phosphorylation and Photoreduetion 

R-COOH -1- ad ~ POr R-CO-OPO r + ad-H 

R-COOPOr + COt -P HjHO ► R-CO-COOH -P HO-PO,- -P y 

R-CO-COOH -p H,ll0 > R-CHOH-COOS. + y 


R-CHOH-COOH -P ad ~ PO," » R CHOH-CO OPOr -P ad-H 

R-CHOH-COOPO,- -P CO, -P HsilO -* R-CHOH-CO-COOH-pHO-POr -Py 

, 0 , 

R-CHOH-CO-COOH -P H,|jO R-CHOH-CHOH-COOB. -P y 


* R-CHOH-CHOH-COOH -P ad ~ POr 


In generahzation of such a sequence, a continuity of alternating 
is formulated in Table VI, whereby long chains of (CHOH)* may e 
up.® Phosphorylation of the carboxyl group, reductive carboxy a lo , 

<• This sequence is essentially a reversal of the carbohydrate de- 

phosphogluconic acid through alternating dehydrogenation Md 
scribed by Lipmann (34), Warburg and Christian (35), and Diekens ( 
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further hydrogenation to hydroxy acid are aggregated into a reaction group 
which may be repeated indefinitely. The functioning of the scheme de- 
pends on a continuous supply of phosphate bond energy. The fraction of 
over-all energy which is diverted into phosphate bonds is small but of 
utmost importance as initiation energy. It must be pro\’ided through a 
side reaction by use of photolytically formed hj^drogen. 

Significant in this connection seems the observation of Gaffron (37) that 
in Scenfdesmus algae the oxyhydrogen reaction maj’’ couple with carbon 
dioxide fixation. In terms of the phosphorylation-reduction scheme this 
coupling suggests the oxyhydrogen reaction as a source of energy -rich phos- 
phate bonds. One energy-rich bond being the equivalent of an average of 
12 kilocalories, the oxyhydrogen reaction with its 57 kilocalories can theo- 
retically furnish maximally four to five such bonds. In practice, the oxida- 
tion of a pair of metabolite hydrogens to water was found to yield from a 
similar total of calories an average^of three phosphate bonds (38). It has 
been pointed out elsewhere (39) that such multiple bond generation is 
necessarily a catalytic process which is largely independent of the metabolic 
source of the hydrogen. The process of electron transfer, from hydrogen to 
oxygen, is the metabolic “wheel” which generates the bonds catalytically: 

H, -b ^ + 3HO-PO,“ + Sad-H ■ H,0 -b Sad ~ PO." -b 3H,0 

In this manner for everj' 3 moles of carbon dioxide reduced to the carbo- 
hydrate level by 6 moles of hydrogen, 1 extra mole of hydrogen would be 
required to supply three energy-rich phosphate bonds. For this purpose, 
1 out of 7 moles of photolytic hydrogen may be reoxidized to water. 

Finally in the complete process, of course, (CHOH)t units have to be cut 
off continuously from the (CHOH)iCOOH chain. This part could be 
accomplished by a reaction of the zymohexase tjTpe. 

It was attempted here, and appears possible now, to defuse an energeti- 
cally satisfactory blue-print for the photosjmthesis process bj’ a combina- 
tion of known enzjTnatic reactions. 

SUMMARY 

I. The decomposition of pyruvate to acetjd phosphate, h 3 'drogen, and 
carbon dio.xide with extracts of Clostridium butylicum is inhibited bj' hj'dro- 
gen gas. 

2. Bj' use of radioactive phosphate, the exchange between inorganic and 
acet 3 ’l-boimd phosphate is studied with extracts of Clostridium butylicum 
and of Escherichia colt. Rapid turnover between the two phosphate frac- 
tions was found with both extracts. This exchange is considered due to 
the alternating liberation and fixation of phosphate in a reversible con- 
densation, acet 3 -l phosphate keto acid, phosphate. 
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3. Formation of a-keto acid in just determinable amounts was found with 
extracts of Escherichia cali on combined addition of acetyl phosphate and 
formate. From our data an equilibrium constant k of approximately 0.01 
obtains for the condensation, acetyl phosphate-formate P5'ruvate- 
phosphate. 

4. The significance of these reactions as partial reactions in processes 
of biological carbon dio-xide fixation is discussed. 
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REVERSIBILITY OF THE PHOSPHOROCLASTIC SPLIT OF 

PYRUVATE* 


By M. F. -otter, FRITZ LIPMANN, and C. H. -WERKMAN 

(From the Bacteriology Section, Iowa Agricultural Experiment Station, Ames, and the 
Biochemical Research Laboratory,] Massachusetts General Bospital, Boston) 

(Received for publication, December 18, 1944) 

This communication is a further study of the re-versibility of the phos- 
phoroclastic reaction in Escherichia coli. Previous reports (8, 17) have 
already indicated the reversibility of this reaction. 

The fixation of carbon dioxide by its combination with a Cj com- 
pound, presumably pyru-vic acid or a closely related substance, has been 
well established by Werkman and Wood (18). However, previous at- 
tempts to demonstrate the existence of a C* + Ci reaction have failed. 
Krampitz et al. (3) reported that the oxidative decarboxylation of pyruvic 
acid by a preparation of Micrococcus lysodeikticus -was apparently irre- 
versible. Evans (1) obtained similar negative results with j^east 
carboxylase. 

Recent experiments (8, 17), however, have disclosed that a well knovm 
bacterial reaction, the hydroclastic, in fact being a phosphoroclastic split 
of pyruvic acid, is reversible (Reaction 1). The revereal of this reaction 
constitutes a Cj -b Ci addition. Although the Ci compound is formic acid 
rather than carbon dioxide, the formic acid is in equilibrium with carbon 
dioxide and hydrogen in cells of Escherichia coli, and thus a carbon dioxide 
fixation is involved. 

GHjCOCOOH + H.PO. ^ CH.COOPO.Hj HCOOH (1) 

Tills reaction has previously been shown to take place by the addition 
of phosphate (16). Lipmann and Tuttle (8) show that the energj’ relation- 
ships of these compounds are such that the reaction should be readily 
reversible. 


EXPERIMENTAL 

Escherichia coli (E26) was grown in large quantities in a medium con- 
taining 1 per cent glucose, 0.4 per cent yeast axtract, 0.8 per cent dipotas- 
sium phosphate, and 10 per cent tap water. The cells were han'ested after 
16 to 22 hours incubation bj^ a Sharpies centrifuge. In most cases the 
wet mass of cells was mixed with 2 parts of ground glass and ground by a 

* Journal Paper No. J-1243 of the Iowa Agricultural Experiment Station, Project 
No. S62. 

t Supported by a grant from the Commonwealth Fund. 
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method used in this laboratory.^ The bacterial extracts were frozen and 
used in all cases within 3 or 4 days. 

The experiments were conducted in manometric flasks of 125 ml. capac- 
ity TOth a total volume of reaction mixture of 15 to 30 ml. at 30.4°. 

C *’02 was added as NaHC’^Oj to the main cup or side arm of themanome- 
ter flask. After the flask was filled with nitrogen or hydrogen and equi- 
librated, a mixture of carbon dioxide and nitrogen w’as obtained by tipping 
in a slightly acid phosphate buffer. 

The HC'^OOH used in these experiments w'as obtained by incubating a 
suspension of Escherichia coli with normal formic acid in an atmosphere of 
hydrogen and C^O.. After 90 to 150 minutes, depending on the concen- 
trations of substrate used, the C’Oj and HC'^OOH were in equilibrium. 
The cells were removed by centrifugation ; the mixture w'as acidified, aerated 
to remove carbon dioxide, and the HC'^OOH recovered by steam distiiia- 
tion. The distillate was then neutralized and reduced to a small volume. 

The CHjC’OOH used in some of the experiments w'as taken from a 
sample synthesized by Wood, Brown, and Workman (19) from C’Da by 
means of the Grignard reaction. 

Sodium pyruvate w’as prepared by neutralizing a solution of vacuum- 
distilled, commercial pyruvic acid. 

Pyruvic acid was determined by the salicylaldehyde method of Straub 
(15) or the ceric sulfate manometric method of Krebs and Johnson (5). 

Methods of separation of the various compounds and their conversion 
to carbon dioxide will be described in connection ivith the individual av- 
periments. 

Adenyl pyrophosphate W'as prepared according to Needham (10). 


Fixation of HC'-^OOH in Carboxyl Group of Pyruvic Acid 
Although suspensions of Escherichia coli contain hydrogenlyase nbicb 
catalyzes the reversible reaction betw'een carbon dioxide and formic aci s 
(20) (Reaction 2), 

( 2 ) 

HCOOH;=i Hj -f COj 

cell-free extracts prepared in the foregoing manner do not cany 
reaction. Consequently it wms necessary to use HC'^OOH in e e ^ 
stration of the reversibility of this reaction. If a reversal occurs, an 
of C’’ should be found in the carboxyl of pyruvic acid. 

HC”OOH + CH,COOPO,Hj ^ CH,COC»OOH -t H»FOi ^ ^ 


The experiments of Table I show this excess of C“. Esek- 

Lipmaim and Tuttle (8, 9) obtained pyruvic acid by incub g 


1 Knlnitsky, G., Utter, M. F., and Werkman, C. H., unpublished. 
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erichia coli extract wth formic acid and acetyl phosphate. Since the 
equilibrium is far toward the side of formic acid and acetyl phosphate, 
ohly minute amounts of pyruvic acid were obtained. In the present 
expieriments, fairly large amoimts of pyruvate were incubated in the pres- 
ence of HC'^OOH until one-third to two-thirds of the pyruvate had been 
dissimilated. If the reaction is reversible, the residual p 3 ’TUvate should 
contain excess C‘®. In this maimer the diflSculties and errors of working 
with very small amounts of pjTUvic acid were avoided. 

Previously it has been shown (16) that the principal reaction occurring 
in Escherichia coli extract on pyruvic acid is a conversion to acetic and 
formic acids. In addition, a small amount of lactic acid is formed by the 


Table I 

Fixation of HC'^OOH by Escherichia coli in CHiCOCOOH 


Experiment 

No. 

Description 

pyruvic 

acid 

utilized 

Ezce&s atom per cent 

NaHCCh 

HCOOH 

— COOHof 
pjTuvic acid 



tnu 




1 

E. coli extract added, time 

0.283 

0.06 


0.78 


60 min. 




(0.58 mil) 

2 

E. coli extract added, time 



1.69 

0.01 


0 min. 



(0.675 mil) 

(0.86 mil) 

3 

No extract added, time 60 



1.73 

0 


min. 






In Experiments 1 and 2 the cups contained 6 ml. of Escherichia coli extract; all 
cups contained 0.76 mu of NaHCOi, 0.69 mxi of HC“OONa, 0.86 mii of Na pyruvate, 
and 0.25 mM of phosphate (pH 6.8) in a total volume of 18 ml. under an atmosphere 
of 90 per cent Nj and 10 per cent COj. 

dismutation of pj’-ruvate to acetate, carbon dioxide, and lactate, but the 
rate of this reaction is slow compared with that of the phosphoroclastic 
reaction. 

The reaction was carried out by incubating the bacterial extract with the 
sodium salts of HC’OOH and pjTuvic acid. AMien the reaction was 
stopped after 60 minutes, 30 per cent of the pjTU\’ic acid had been broken 
down. The reaction mixture was acidified wth 5 ml. of 10 N sulfuric acid, 
and the carbon dioxide liberated from the sodium bicarbonate was collected 
in 2.5 N carbon dioxide-free alkali. The mixture was then largely freed 
of protein bj’ centrifugation. Formic and acetic acids are almost com- 
pletely volatile bj' steam distillation, whereas pjTuxdc acid is only about 
60 per cent volatile. Bj' steam distilling the centrifugate twice until 12 
to 14 volumes have been collected, the formic and acetic acids were obtained 
in the distillate, whereas about two-thirds of the pjTuvate was present in 
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the combined residues. An excess of ceric sulfate ivas added to the com- 
bined residues, and after 10 minutes at room temperature in a closed ej-s- 
tem, the excess was destroyed by addition of ferrous sulfate and the mixture 
boiled and aerated. The carbon dioxide liberated from the carboxyl group 
was collected in carbon dioxide-free alkali as before. 

The pjTuvic acid in the distillate was destroyed by ceric sulfate, the 
mixture filtered, redistilled, and HCOOH oxidized to carbon dioxide and 
water (Osbum cl ah (12)). 

Examination of the data in Table I reveals that the pyruvate-COOHand 
HCOOH xvere in equilibrium as shown by the equal values. Theoreti- 
cal equilibrium values for the two compounds as calculated from the 
amounts of the pjTUvatc and formate and excess C” present show that 


Table II 


Values in Pynivale-COOH by Yeasl Carboxylase and by Ceric Svljaie 



0.32 


Excess C‘> 

HCOOH 

ftT ttHi 

O.M 

0.41 

0.39* 






The experimental cup contained 12 ml. of Escherichia coli extract, 1.5 tan cl 
NaHCOi, 0.8 mru of HC»OONn (C‘» excess = 2.37 atom per cent), 1 him of phosphate 
(pH 6.8), and 2.3 mM of pyruvate in a total volume of 30 ml. The experiment W 
conducted for 45 minutes under 90 per cent Ns and 10 per cent COj. 

• Corrected for a small residual of normal COj present in the yeast preparation as 
determined by acidification. 


both compounds should contain 0.79 excess C” atom per cent. The va - 
ity of the separation and analjdical methods and the enz3Tnatic nature o 
the reaction are shoum bj- the two controls listed in Table I (Experim® 

2 and 3). 

The very low excess C‘’ in the bicarbonate demonstrates the almos co 
plete absence of hydrogenl}'’ase in the bacterial extract. This ac 
been verified by several e.xperiments; also tlie preparation is 
unable to form carbon dioxide and hydrogen from formic aci • ^ 

absence of hj'drogenlynse makes the data more conclusive. In t e f 
of hj’drogenlyase, as shmvn by experiments with whole ceUs desen 
G'^Os can be fixed in pyruvate-COOH, but some doubt °mnounds 

of fixation. Combination of a C, compound -f carbon 
followed by conversion to a sj'mmetrical molecule and 
pyruvate could also result in C*’ fixation in the pjTUva 
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ever, since no C^Oj was present in this experiment with extracts, such a 
mechanism could not play a part. 

The concentration of in the pyruvate-COOH obtained during one 
exchange experiment was determined biologically as well as chemically 
(Table II) . Decarboxylation of the residual pyruvate by yeast carboxylase 
and by ceric sulfate gave comparable values. After removal of the carbon 
dioxide by acidification and the proteins by centrifugation, the fermenta- 
tion mixture was steam-distilled three times. The combined residues of 
the three distillations were continuously extracted Tvith ether for 24 hours. 
One portion of the extract containing the pyruvic acid was oxidized with 
ceric sulfate; the remainder was brought’ to pH 6.2 and the pyruvate 
decarboxylated by Lebedev juice. The carbon dioidde and aldehyde 
formed by the reaction were removed by a continuous passage of nitrogen 
through a series of towers containing sodium bisulfite, potassium perman- 
ganate, and carbon dioxide-free sodium hydroxide. The carbon dioxide 
so obtained has a excess of 0.39 atom per cent as compared to 0.41 for 
the ceric sulfate. 

Effect of Phosphate on Exchange between Formate and Pyruvate 

Since the reaction under study in reality involves phosphorjdation, an 
examination of the effect of inorganic phosphate on the rate of e.xchange 
between HC’OOH and pyruvic acid was made. When an excess of phos- 
phate was added to the extract, the rate of exchange was increased (Table 
III). Still more clearly the effect of phosphate appeared when experiments 
were performed with dialyzed extracts. The results recorded in Tdble R'’ 
were obtained with an Escherichia coli extract which had been dialyzed for 
40 minutes against ice-cold water. The d’lsappearance of pyruvate is little 
affected by the phosphate concentration in spite of the notieeable stimula- 
tion of the exchange reaction. Accumulation of acctjd phosphate is ex- 
pected to stimulate the exchange since it reacts ndth HCOOH, Previouslj’’ 
it has been shown (16) that the concentration of inorganic phosphate plays 
an important role in the accumulation of acetyl phosphate during pjTuvatc 
dissimilation. tVith very tow concentrations no demonstrable acetyl phos- 
phate may accumulate, whereas with high phosphate concentrations there 
was little tendency for the acet3’l phosphate to dcphosphor}'late and it 
accumulated in considerable quantities (c/. Table III). 

Alrcadj' such amounts of acetjd phosphate as were accumulated at rcla- 
tivelj’ low phosphate concentrations appeared sufficient to maintain rapid 
exchange (Table III). \Mien a considerable excess of sjTithetic acctj') 
phosphate was added, no increase of turnover was obser\-ed. On the 
contrarj', a decrease of exchange as well as of pyruvate diss’unilation was 
caused. Partlj" this inhibitorj- effect persisted with solutions of decom- 
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posed acetyl phosphate and may be attributed to inhibitoiy impurities. 
A truly inhibitory action on the enzyme system by acetyl phosphate ia 
higher concentration, however, is not improbable. The results of these 
experiments were rather erratic and the nature of the effect is under further 
investigation. Sodium acetyl phosphate obtained from the silver salt and 


Table III 

Affect of Phosphate upon Exchange between HC"OOH and CHiCOCOOS in Vndidyiti 

Extract 


Experiment No. 

Phosphate 

added 

Pyruvate 

disstinilat,ed 

Acetyl phosphate 

Excess D», atom per ccal 

formed 

Pyruvate- 

COOH 

HCOOH 


mu 

mil 

mu 



1 


0.10 

0.009 

0.59 

0.89 

2 

0.5 

0.189 

0.082 

0.67 

0.75 

3 

1.0 

0.186 

0.086 

0.69 

0.80 


Each cup contained 7 ml. of undialyzed Escherichia coli extract, 0.09 niu of Na 
HCOs, 0.64 mat of pyruvate, and 0.69 mai of HCOOH (excess C* = 1.72 atom per cent) 
in a total volume of 20 ml.; under 90 per cent nitrogen and 10 per cent carbon diovide 
for 45 minutes at 30.4° 


Table IV 

Effect of Phosphate upon Exchange between HC'^OOH and CHtCOCOOH in Didnid 


Extracts 


Experiment No. 

Added phosphate 

Pyruvate 

Excess C“. atom per cent 

dtssimilated 

Pyruvate-COOH 

HCOOH 

1 

mu 

mu 

0.132 

0.12 

l.SI 

2 

0.2 

0.14 

0.32 

1.21 

3 

0.4 

0.156 

0.40 ^ 

I.M 


Each flask contained 6.0 ml. of dialyzed AscbcricAio coit juice, 0.6 mM o a o 

0.6 mst of pyruvate, and approximately 0.3 mM of HC‘’OONa (C” = 2. a om 
cent) in a total volume of 16 ml. The flasks were incubated for 40 minu es u 


per cent nitrogen and 10 per cent carbon dioxide. 


lithium acetyl phosphate obtained by 2-fold reprecipitation with alco 
have given similar results so far. . 

The pyruvate-COOH and HCOOH were determined by ceno 
and HgO oxidation respectively after separation as describe . 


Exchange helween CH,C»’OOH and Pyruvic Acid 

To establish more clearly the nature of the Cs + Ct addition, ^ 
were conducted writh CHaC»OOH. If the fixation reaction occurs, 
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carbonyl group of the residual pyruvate should contain an excess of C”. 
Analysis of the pyruvic acid revealed that a significant excess of 0.14 
atom per cent, was fixed in this position (Table V). In Experiment 2, 
0.11 atom per cent e.xcess C’’ was present in the CHjCO — fraction, which 
gives a value of 0.22 atom per cent for the carbonyl group if all of the 
excess is in this portion of the molecule. Significant fixation occurred, 
however, only with added adenyl pyrophosphate. The exchange between 
CHjC’OOH and pyruvic acid is of necessity slower than that between 


Table V 

Fixation of CHiC'^OOH in Pyruvic Acid by Escherichia coli Extract 



Experunent 1 | 


Experiment 2 

Compound | 






1 

excess ; 


O* excess 


! 

nu 

atort 
fer cent 

mu 

atom per cent 

CHiCOCOOH 

0.45 


0.475 


CHjCO— 




0.11 (Persulfate oxidation) 

-CO- 


0.14 ! 


0.22 (Calculated) 

CH.COOH 

0.90 

1.79 

1.55 

1.7S 

— COOH (caloutated) . ' 


3. 58 ' 


1 3.56 

HCOOH i 

0.57 

0.01 1 


i 


Experiment 1 — 8.0 ml. of Escherichta coh extract, 0.6 mu of NaHCOj, 1.0 raw of 
phosphate (pH 6.8), 0.72 mu of CHiCuOOH (C” of — COOH = 5.07 atom per cent), 
0.4 mil of HCOONa, 0.65 mii of pyruvate, and 10 mg. of adenyl pyrophosphate in a 
total volume of 22 ml. Time, 75 minutes; atmosphere, 90 per cent Nj and 10 per 
cent COj. 

Experiment Si — 12 ml. of Escherichia coli extract, 1 5 mxr of XaHCOj, 1 0 mv of 
phosphate (pH 6.8), 1.16 mxi of CHjC’OOH (C” of — COOH = 5 07 atom per cent), 
0.9 mji of pyruvate, and 20 mg. of adenyl pjTophosphate in a total volume of 32 ml. 
Time, 75 minutes; atmosphere, 90 per cent N- and 10 per cent CO-. 

HC“OOH and pjTUvic acid, since two reactions rather than one are in- 
volved in the former case. The reversibility of Reaction 4 has been shonm 
by Lipmann (7). 

2CH)C''OOH + adenyl pyrophosphate ^ CHiC“OOPOiH. + adenylic acid (4) 
Cn,C»OOPO,H: + HCOOH ri CH.C-’OCOOH + H,PO. (5) 

Reaction 5 completes the exchange of CHaC'^OOH and pynivic acid. 
Since adenyl pyrophosphate is an integral part of Reaction 4, its presence 
is necessary for the exchange reaction. The effect of adenyl pyrophosphate 
is shown in Table VI. 

The fermentation liquid xvas txvicc steam-distilled and the combined 
residues extracted with ether. The extracted pyruvic acid was decom- 
posed by yeast carboxylase. The CHjCHO trapped in sodium bisulfite 
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solution was decomposed by the iodoform reaction. The — CHO group, 
representing the carbonyl group of the pyruvate molecule, was converted 
to HCOOH and the CHs — group to CHIj. The iodoform was filtered off; 
the HCOOH was recovered by steam distillation and then oxidized by HgO. 
In another experiment pyruvate was converted to acetate and carbon 
dioxide by ceric sulfate oxidation and the acetate or CH3CO — portion of 
the p 3 TUVate was oxidized to carbon dioxide by persulfate (12). 

The distillate containing acetic and formic acids was again twice redis- 
tilled and w'as then free of pyruvic acid. Formic acid w'as removed by 


Table VI 


Effect of Adenyl Pyrophosphate on Fixation of CHiC'^OOH in Pyruvic Acid 


Experiment No. 

Adenyl pytophosphate added 

C“ excesa in —CO— of pymvate* 


mi. per ml. 

etm per cent 

1 

0 

0.05 

2 

0 

0.05 

3 

0 


3a 

0.45 

0.14 

4 

0.62 

0.22 


Experiments 3 and 3a are parallel experiments with the same sample of e-rtract. 
The others were carried out with different extracts. Otherwise the experiments were 
carried out in approximately the same manner. See Table V for greater detail as to 
the set-up; Experiments 3a and 4 are the same ns Experiments 1 and 2 in Table \. 

* Values determined directly as — CO — in Experiments 2, 3, and 3a and calculated 
from the C*’ content of CH]CO — in Experiments 1 and 4. 


HgO oxidation and after filtration and redistillation the acetate was 
oxidized to carbon dioxide by persulfate. 


Fixation of C’O; in Pyruvic Add hy Viable Eschericlna coli 


Although the cell-free preparation from Escherichia coli contains no 
hydrogenlyase, whole cell suspensions of the organism are able to comer 
C”0. first to HC’OOH and then to CHaCOC’OOH (Reactions 2 and 6). 
Results of such an experiment are shown in Table VII. 
tvas conducted by placing NaHC‘’Oj and formic acid in one si ® ^ . 
the pyruvic acid in the second side arm. After preliminary e^ 
the formic acid buffer-cell mixture was allow'ed to incubate for nu 
when the pyruvic acid was added and the reaction allowed to proc 


an additional 40 minutes. _ nf n 37 atom 

The — COOH of the residual pyruvate contained an excess • 
per cent C'’, and the HCOOH contained 1.99 atom per ^ ^ 

It is possible that some of the C*’0. in the pyruvate may 
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by a route involving C 3 + Ci addition. Escherichia coli grown on a 
carbohydrate medium, however, does not form appreciable quantities of 
succinic acid, and it is doubtful whether the C 3 + Cj addition plays an 
appreciable role in these cells. In any case the path for C”Oj fixation in 
pyruvate by hydrogenlyase and the phosphoroclastic reactions has been 
definitely established in these cells, whereas the other has not. 

In general, the reaction mixture was treated by methods already dis- 
cussed. 


TabiiE VII 

Fixation of C“Oi in Pyruvic Acid by Cell Suspension of Escherichia coli 


Compounds 


Excess 

CHiCOCOOH 

mu 

0.23 

per cent 

CHiCO— 

0 

—COOH 


0.37 

HCOOH 

2.05 

1.99 

CHiCOOH 

0.73 

0.01 

NaHCOi 

2.44 




The manometric flask contained 7 ml. of a 15 per cent suspension of B. coli, 1 .8 mu 
of NaHC'Oj (C“ = 4.75 atom per cent), 1.2 mM of pyruvate; 1.4 mw of HCOONa, 
and 1.5 mM of phosphate (pH 6.6) in a total volume of 30 ml. The experiment was 
conducted under Hi for a total time of 100 minutes. Approximately 0.97 m»i of 
pyruvate was fermented. 


DISCUSSION 

The phosphoroclastic reaction is limited to a number of bacteria of the 
family Bacteriaceae. However, the other similar reactions involving the 
formation of acetic acid and carbon dioxide from pyruvate are well known 
in other bacteria and in tissue. These reactions differ from the phosphoro- 
clastic mainly vdth regard to the reduced substance formed. If these 
reactions give rise to acetyl phosphate rather than acetic acid, these reac- 
tions also may prove reversible. 

Koepsell, Johnson, and Meek (2) have reported that an enzyme system 
obtained from Clostridium butylicum forms acetyl phosphate, carbon di- 
oxide, and hydrogen. Hydrogen inhibits the reaction and for this and 
other reasons reversibility is suggested (9). As strong evidence for the 
reversibility of this reaction. Brown, Wood, and Werkman- have found a 
large excess of C*’ in the COOH group of lactic acid formed by Clostridium 
butylicum from glucose in the presence of C‘’Oi. The faation seems un- 
likely to have taken place by C 3 Ci addition, since the investigation 

’ Brown, R. W., Wood, H. G., and Werkman, C. H., unpublished. 
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revealed that this organism shows little activity on the Ci-dicarboxylic 
acids. Slade ct al. (14) also report fixation of in lactate-COOH by 
Cl. wekhii and Cl. acctobulylicum in spite of the fact that no C<-dicarboxylic 
acids were formed during the fermentation. A Cj + Ci condensation 
can easily account for this fixation, although direct proof is lacking. 

The dismutation of pyruvic acid to lactic and acetic acids and carbon 
dioxide has been shown in bacteria (11, 4) and in tissue (6). By analogy 
it seems possible that this reaction may also prove reversible. 

Certain data already incorporated in the literature may need further 
examination. Slade and Werkman (13) found that Aerobader indologenes 
acting upon CHaC^’OOH or C'’H 3 C'’OOH in the presence of glucose forms 
2,3-butylene glycol containing C” in the carbinol carbons in the case of 
CHjC^OOH and in all carbons in the addition of C^HsC'^OOH. Slade 
and Workman (13) suggested that a conversion of the C'® acetate to acetal- 
dehyde followed by condensation could account for the C” content of 2,3- 
butylene glycol. An alternate explanation is now possible by which ace- 
tate is converted to pyruvie acid and the latter converted to 2 , 3 -butylene 
glycol without the necessaiy intervention of acetaldehyde. 


SUMMARY 

1. When pyruvic acid is dissimilated by Escherichia coli extract in the 
presence of HC'’OOH, the residual pyruvate is shoivn to contain excess 
C” in the carboxyd group, which is evidence for reversibility of the pyruvate 
split. 

2. Addition of inorganic phosphate to dialyzed Escherichia coli extrac 
increases the rate of exchange. 

3. When pyruvic acid is broken down in the presence of CHjC‘ 
and of adenyl pyrophosphate, the residual pyruvate contains excess o 

in the carbonyl group. . . . , aice 

4. Intact cells of Escherichia coli acting upon pyruvic add in the pres 
of NaHC'^Oa fix C'® in the carboxyl group of pyruvic acid. 
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alcoholic hydrochloric acid, in a 90 per cent acetone medium containing 
naphthyl red as an indicator. At the point where the hydrogen ion concen- 
tration is sufficient to cause the indicator to change from the yellow to the 
red range (pH 5 to 3 .7 in aqueous solution) , the amount of light transmitted 
through the cell decreases abruptly, and this decrease is re^tered quanti- 
tatively by the galvanometer. 

The instrumental assembly is illustrated in Figs. 2 and 3.^ A 110 volt 
alternating current passes through a voltage stabihzer, the output of which 
is stepped up by means of a transformer to the voltage required for the 
operation of a mercury vapor lamp. The light emanating from the mercury 
vapor lamp passes through the filter, then through a narrow slit, 1.5 X 2.5 



Fig . I . Relation of absorption spectrum of Wratten Filter 77 to absorption s( 
of naphthyl red in acid and alkaline ranges. 

mm. in size, in the micro cuvette holder. This slit is so arranged 
light coming through it travels parallel to one side of the b 

the electromagnetic stirrer operates close to the other side o ® 
this way the stirrer does not interrupt the path of light ® 

The cuvette bolder itself is made from a solid bakelite b oc 
drilled so as to permit the insertion of the micro cell and t e arranged 
light beam to the photronic cell. The core of the electromagnet is 
so as to touch one side of the micro cell. The multiple mirror g 

1 A Pfaltz and Bauer fluorophotometer model A was used. ..^j, jnstitutc for 
> The authors are indebted to Mr, Joseph Bloom of the 1 oc 
the construction of the cuvette holder. 
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used has a sensitivity of 2 X 10“® ampere per mm. and a resistance of 640 
ohms. 



Fig. 2. Instrumental assembly, a, voltage stabilizer; 6, multiple mirror galvan- 
ometer; c, micro switch circuit breaker; d, mercury arc lamp; e, 61ter;/, micro bu- 
rette; g, cuvette housing; ft, photronic cell; i, transformer; j, connection to voltage 
stabilizer; k, base with rack and pinion; I, variable shunt resistance box. 



Fig. 3. Detailed diagram of micro cuvette in holder, showing relationship of elec- 
trom.agnctic stirrer to light beam. 

The micro burette is of a mercury screw design uith a fineness about 
twice that of the micro burette previouslj’ described by Linderstrpm- 
Lang and Holler (6). The burette is mounted on a firm base equipped 
with a rack and pinion, so that the tip may be in-serted into the titrating 
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solution or elevated out of the Avay. A micro snitch cuiTcnt interrupter 
provides the means for operating the stirrer at the rate of 100 to 120 times 
a minute, found desirable for maintenance of adequate stirring. The 
•stirrers themselves may be made by sealing 1 to 2 mm. lengths of No. 24 
annealed steel niro in thin walled capillary tubing. Provided its total 
length is under 3 mm., the stirrer does not interrupt the light beam tra- 
^•ersing the cell. 

The micro cells are made from square 6 X C mm. ungraduated liemo- 
rneter tubing, 30 mm. tall. They are used both for reaction vessels and 
titrating vessels. In a single series of titrations, only celts whose light 
transmission was the same ndthin 1 per cent were used. 


Results 


Dcte\'mtnalion of End-Point — ^As a test of the precision of the method, the 
following experiment was carried out: 5. CO c.mm. samples of a O.IO M 
solution of leucylglycinc were pipetted into a series of six vessels by means 
of a Levy (7) semiautomatic pipette. 300 c.mm, of acetone containing 
0.02 per cent naphthyl red were added to each vessel just prior to titration 
against 0.0507 n hydrochloric acid in 90 per cent ethanol. The vessel 
was act in place and stirring begun, the tip of the burette dipped 1 to 2 
mm. below the surface of the titrating medium, ihe galvanometer set at 
100 per cent transmission of the incident light, and the titration started. 
At the point where the galvanometer registered 70 per cent transmission, 
the rate of decrease in light transrtvission per c.mm. of hydrochloric acid 
was maximal, and tliis point was chosen as the end-jjoint for the titration. 

A single titration required approximate!}' 5 minutes. The theoreti- 
cal titration value was 11.05 c.mm. of hydrochloric acid and the ac- 
tual arithmetic mean titration value was 11.05 c.mm. The series o 
readings was as follow's: 10.97, 11.10, 11.01, 11.15, 10.97, and 11.13 c.mm. 
of hj^drochloric acid. The greatest deviation from the mean was 0.9 per 
cent and the standard deviation was 0.08 c.mm. Tilien the titrohon 
figures are of this order of magnitude, the titration error m therefore 'cy 
to be less than 1 per cent. The pipetting error is also included in es 


calculations. , 

As a further test of the sensitivity of the method, samples of 5. c. 
of a 0.005 M leucylglycinc solution were pipetted into a series o 
which, after the addition of acetone and indicator, were t en ^ „ 
0.011 N alcoholic hydrochloric acid being used. The consecu ive 
were 2.60, 2.G3, 2.59, 2.G4, 2.G2, and 2.57 c.mm. of jtration 

arithmetic mean of the titration values was 2.C1 . ^ he calcu 
value was 2.57. The greatest deviation from {hen, 

1.5 per cent and the standard deviation was 0.03. By 
2.8 X 19”' ®olo of leucylglycine can be titrated vrith consi e 
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Enzymatic Experiments — As a test of the method in actual practice, the 
following enzymatic experiment was perfoimed: 5.65 c.mm. of solution 
containing 0.10 si benzoyl-i-argininamide and 0.02 si secondarj' sodium 
citrate buffer were pipetted into a reaction vessel followed by 5.65 c.mm. 
of solution of purified papain containing 0.066 mg. of protein nitrogen per 
cc. and 0.02 si cysteine. The mixture was stirred electromagnetically, and 
the open vessel was incubated at 40° in a nitrogen chamber. The pH of 
the reaction was 5.0. Control vessels were set up in the same manner as 
the incubated ones, but titration was performed immediate^'. The 
results of the enzymatic experiment are given in Table I. 

The nitrogen chamber mentioned above consists of a 250 cc. drjdng 
tower, equipped with a rack which holds the micro vessels in place, with 
their bases immersed in 0.09 si sodium chloride. Nitrogen is bubbled 
through a wash bottle filled with 0.09 st sodium chloride, then into the 


Table I 

Hydrolysis of Benzoylarginittamide by Cysteine-Papain 


Time 

Amount o( HCl required* 

Extent o( hydrolysis 

XXI0>t 

min. 

c.mrt. 

per cent 


60 

3.28 

29 

2.49 

80 

4.15 

37 

2.49 

95 

4.86 

43 

2.57 

120 

5.79 

51 

2.60 

165 

7.12 

63 

2.62 


* Incubated sample minus control. 


nitrogen chamber. Both bottles are immersed in a constant temperature 
water bath. The micro vessels arc thus incubated in an atmosphere of 
nitrogen, and evaporation from the vessels is avoided during the incubating 
time. 

Influence of Turbidity — In conducting a photometric titration, the prob- 
lem of dealing with turbidities in the titrating medium is an important one. 
It was found that the 90 per cent or 95 per cent acetone medium used 
precipitated the enzyme protein, gising rise to turbidity in the titration 
medium. Since this turbidity was constant throughout the titration, 
however, it did not affect the rate of change of the indicator color. Tlie 
galvanometer showed a smooth downward deflection at the end-point, 
free from undesirable small fluctuations. If, however, the protein con- 
centration, and consequently the protein precipitate, was 10 times that 
used in our experiments, then undesirable fluctuations in the galvanometer 
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■were observed when this precipitate was stirred during the couree of a 
titration. 

A more serious difficulty is introduced by crj'stalUzation of the substrate 
or the buffer out of the titration medium. As Linderstipm-Lang (5) 
points out, this error usually may be avoided if the greater part of the 
hydrochloric acid required to reach the end-point is added to the test 
solution prior to the acetone. 

There is another advantage to adding, prior to titration, most of the 
acid necessary to reach the end-point. Addition of hydrochloric acid to 
the titration medimn results in a gradual decrease in the concentration of 
indicator and of turbidity, -irith a consequent decrease in the optical den- 




Fig. 4 Fig. 5 

Fig. 4. Effect of concentration of aqueous medium on sharpness of end-poiot. 
Fig. 5. Effect of indicator concentration on light transmission at end-poin . 

sity. This source of potential error was further minimized b 3 " urins ® 
concentration of hydrochloric add such that the volume of the titia lo 
medium was increased only to a small degree during the titration (m 
cated by a slight upward deflection of the galvanometer before t e ^ 
point was reached). The control titration cancels out the larger par 
this error. The indicator, in the appropriate concentration, mig 
ceivably be included in the hydrochloric add being titrated in, m 

to reduce this error still further. . -.ji a 

Factors Influencing Indicator Color Change Micro titra 
photromc cell makes it convenient to study in detail the ^ tte 

change of the indicator color at its end-point. In genera , e 
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concentration of the acetone and the less the concentration of water in the 
titration medium, the sharper does the end-point become. It is therefore 
of advantage to employ the highest concentration of acetone which can be 
used without causing the substrate or bufier to crystallize out. Fig. 4 
shows that as the aqueous concentration of the titration medium is de- 
creased below 10 per cent the end-point becomes more abrupt, making 
possible more accurate titration. The composition of the test solution, 
11.15 c.mm., was as follows: 0.05 m carbobenzoxyglycyl-Z-phenylalanine, 
0.02 M secondary sodium citrate buffer, 0.01 m cysteine, swine kidney 
cathepsin, and 0.22 mg. of protein nitrogen per cc. of test solution. 

The greater the concentration of the indicator in the titration medium, 
the greater is the decrease in the absolute amount of transmitted light 
caused by the colov change of the indicator (c/. Fig. 5). It is therefore 
desirable to use a high concentration of indicator in the titration medium. 

If the split-products of an enzjunatic reaction are better buffers than the 
oripnal substrate in the pH range of color change of the indicator, the 
indicator will then change color less sharply when the incubated samples 
are titrated than it does when the control samples are titrated. The slopes 
of the end-point curves will differ in the two cases, and an error will be 
introduced if a certain shade of color or per cent of light transmitted is chosen 
as an end-point. The magnitude of this error will depend on the degree 
to wluch the slopes of the curves in question differ. 

An illustration of this buffering effect of the split-products is provided 
by the action of carboxj^peptidase upon the hydrolysis of carbobenzoxy- 
glycyl-Z-phenylalanine on acidimetric titration in an acetone medium, with 
naphthyl red as an indicator. In these circumstances, the phenylalanine 
split off is a better buffer than the carbobenzoxj'glycyl-Z-phenylalanine. 
Fig. 6 shows the effect on the end-point of altering the concentrations of 
these two compounds in a known manner in a 10 per cent aqueous medium. 
As the concentration of carbobenzoxyglycyl-l-phenylalanine is decreased 
and the concentration of phenylalanine is increased (as would occur in the 
enzymatic hydrolysis of carbobenzoxyglycyl-Z-phenjdalanine), the slopes 
of the titration end-point cun'es become flatter. 1 1.15 c.mm. of substrate 
mbeture, containing 0.03 m phosphate buffer at pH 7.44, were used in all 
cases. There were 330 c.mm. of titration medium, containing 0.1 per cent 
naphthyl red, and consisting of 90 per cent acetone and 10 per cent aque- 
ous phases. 

j\s the concentration of water in the titration medium is decreased below 
10 per cent, and the concentration of acetone is correspondingly increased, 
the ionization of substrate and split-products may be depressed sufficiently, 
in the case of carbobenzoxygl 3 xj’l-Z-phcnylalanine and phcnjdalanine, to 
make the error introduced bj' the buffering effect of the split-products a 
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npgligiblo ODG. J'iS* 7 sbows tho titration curves obtained in an enzymatic 
experiment in which carbobenzoxyglycyl-Z-phenylalanine was split by 
swine kidney cathepsin, and the titration of samples carried out in a 4 per 
cent aqueous medium. The slope of all the curves here is essentially the 



Fig. 6. Effect on slope of titration curve of increasing the concentration of one 
of the split-products. The abscissa indicates only the amount of hydrochloric acid 
added after the indicator color change. 



Etc. 7. Titration end-point curves in an enzymatic experiment 

‘-ame, and the reaction velocity constants calculat^ from the 
lemarkably close. 11.15 c.mm, samples of test solution were pipe , 
individual vessels, which were incubated at 40° in mtro^n 
times before being removed and titrated in a 96 per cent ace one, 
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aqueous medium containing 0.1 per cent naphthyl red. The test solution 
was composed of carbobenzoxyglycyl-Z-phenylalanine 0,05 ii, secondary 
sodium citrate buffer 0.02 m, cysteine 0.01 si, and swine kidney cathepsin 
0.22 mg. of protein nitrogen per cc. of test solution. The pH of the reaction 
was 5.2 in all cases. 


SUMSIABY 

A micro titration method for the measurement of enzjnnatic proteolysis 
is described in which a photometric determination of the end-point is sub- 
stituted for a visual one. The photometric titration may be adapted with- 
out difficulty to the semimicro scale of the usual determinations of 
enzymatic cleavages of peptides, which hitherto have been performed by 
visual end-point determinations. 

The objective photometric titration has revealed a possible source of 
error which may interfere with the titration when one of the split-products 
of the enzymatic cleavage buffers the system against pH changes more 
effectively than does the original peptide. 
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ON THE HYPOGLYCEMIC ACTION OF ALLOXAN 

By SACHCHIDANANDA BAXERJEE’ 

{From the Department of Mitra Research in Diabetes, School of Tropical Medicine, 

CalczUta, India) 

(Received for publication, January 24, 1945) 

Jacobs (1) observed that an intravenous injection of alloxan in rabbits 
produced a fall in the blood sugar level leading to hypoglycemic convul- 
sions. This was confirmed by Dunn and McLetcliie (2), Bailey and Bailey 
(3), Hughes et al. (4), Brunschtvig el al. (5), Goldner and Gomori (6), and 
Kennedy and Lukens (7). Jf the animals were given intravenous injec- 
tions of glucose so as to counteract the effect of hypogljmemia, they sur- 
vived and developed hyperglycemia and glycosuria. The cause of this 
transient hypoglycemia has been differently explained. Dunn and McLet- 
chie (2) think that hypoglycemia is due to the stimulating action of alloxan 
on the islands of Langerhans, whereby an increased quantity of insulin is 
released into the circulation. The cells of the islands of Langerhans be- 
come necrosed, being exhausted from ovei-work, leading to the symptoms of 
diabetes mellitus. Hughes cl al. (4), on the other hand, consider that tlus 
fall in the blood sugar level is due to the liberation of preformed insulin 
from the necrosed cells of the islands of Langerhans and that there is no 
overproduction of insulin. They came to this conclusion because they 
observed that the hypoglycemic action of alloxan could be simulated by the 
injection, in the form of protamine zinc insulin, of that amount of extract- 
able insulin which is known to be present in the pancreas of a normal rabbit . 
However, they' admit that this evidence is not conclusive. Ridout cl ah (8) 
studied the insulin content of the pancreas of dogs killed at different times 
after the injection of alloxan. They did not notice any significant change 
in the insulin content of the pancreas up to 8 hours after the injection, by 
which time the hypoglycemia becomes most marked in dogs and rabbits 
(7, 8). They therefore consider that the hypoglycemia is not due to over- 
production of insulin. This observation, however, may not be contrary to 
the overproduction theory, because it might be argued that insulin as soon 
as formed by overstimulation is released into the circulation and conse- 
quently there is no increase in the insulin content of the pancreas. Ridout 
cl al. (8) also reported that alloxan could not protiucc hypoglycemia in 
dcpancrcatized dogs and in dogs made diabetic by pretdous injection of 
alloxan. This observation was also confirmed by Kennedy and Lukens 

* Present address, Department of Biochemistry, Cornell University Medical 
College, New Ynrl 
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(7) in rabbits. These investigators think that tliis is also eindence against 
the overproduction theoiy. This argument does not seem to be valid, 
ouing to the faet that if there is no normal islet tissue left, by preiious 
injection of alloxan or by the removal of the pancreas, alloxan cannot 
produce this action. 

In order to elucidate the mechanism of alloxan hj^ioglycemia, I partially 
pancreatectomized rabbits and studied the blood sugar curv'e after in- 
jection of alloxan. The amount of pancreatic tissue left after operation 
was just sufficient to maintain the normal fasting blood sugar level. The 
idea was that if the action of alloxan is that of stimulation, so that the islet 
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Fig. 1. Blood sugar curves of rabbits injected with alloxan. The solid euwes 
represent results with animals partially pancrc.atectomizcd; the dash curves, anima s 
with the pancreas intact. 

cells are necrosed due to overactmty, the remnant of the pancreas in the 
partially pancreatectomized rabbits tvould release enough insulin to cause 
hypoglycemic commlsions in these animals. On the other hand, if oxan 
only releases the preformed insulin by its necrosing action on the is ets, e 
blood sugar will be lowered to a lesser extent because the amount o . 
released from the pancreatic remnant will be much less. The expenmen 
results obtained are presented in this paper. 

EXPERIMENTAL 

nine healthy male Himalayan rabbits of weights 
and 1450 gm. w-ere used. All the animals were fasted overnign • ^ 

anesthetized with ether and about a half of the pancreas was remo 
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median longitudinal abdominal incision. 3 hours after the operation 
three of the partially pancreatectomized rabbits and three others with in- 
tact pancreas were given a single intravenous injection of a 10 per cent 
solution of alloxan (200 mg. per kilo). Samples of blood were drawn at 
intervals from the -ear vein. Blood sugar was estimated according to the 
method of Hagedom and Jensen (9). The blood sugar curves are shovm 
in Fig. 1. 

Three partially pancreatectomized rabbits not injected with alloxan were 
placed in separate metabolism cages and their urine was collected under 
toluene. The fasting blood sugar level was estimated next morning and 
the urine was examined for the presence of sugar with Benedict’s reagent. 
The blood sugar values were 100, 110, and 116 mg. per 100 cc.; the urine 
.showed a trace of sugar. 

Results 

In three of the rabbits vitli intact pancreas, the blood sugar fell rapidly, 
after a transient rise, follomng the injection of alloxan and all the animals 
died of hypoglycemic convulsions. The three partially pancreatectomized 
rabbits similarly treated not only did not develop marked hj-poglycemia 
but also survived and showed hyperglycemia and glycosuria on the follow- 
ing day (Fig. 1). The three partially pancreatectomized rabbits not 
injected Avith alloxan excreted only traces of sugar, while the fasting blood 
sugar values were normal. 

DISCUSSION 

Alloxan could not produce hj^poglycemic convulsions in the partiallj' 
pancreatectomized rabbits. The amount of pancreatic tissue left in these 
rabbits was just sufficient to maintain the normal fasting blood sugar level. 
If the injection of alloxan produced stimulation of the pancreatic remnant 
to such an extent as to cause death of the islet cells as a result of overwork, 
sufficient insulin should have been liberated to produce marked hj^poglyce- 
mia. This, however, was not observ^ed in our experiments. The slight hy- 
poglycemia observed in the alloxan-treated,partially pancreatectomized rab- 
bits appears to be due" to the release of a smaller amount of preformed insulin 
from the necrosed islets of the pancreatic remnant into the circulation. 
Thus the hj'poglycemic action of insulin seems not to be due to the over- 
production of insulin. It is, however, to be noted that the hypoglycemic 
action of alloxan is not a constant phenomenon in rhesus monkeys (10). 

SUMMARV 

1 . Hypoglycemic convulsions were not obser%-ed when alloxan (200 mg. 
per kilo) was injected intravenously into three partially pancreatectomized 
rabbits. 



550 


HYPOQLYCEMC ACTION OF ALLOXAN 


2. All the three animals survived and developed hyperglycemia and 
glycosuria on the following day. 

3. Three normal rabbits with the pancreas intact died of hypoglycemic 
convulsions nithin varying periods after the intravenous injection of 
alloxan. 

4. The cause of the alloxan hypoglycemia is suggested to be due to the 
release of preformed insulin from the necrosed islets and not to stimulation 
of the islet tissue. 
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Several compounds have been synthesized which are rather closely re- 
lated in structure to pantothenic acid (1-9). The physiolo^eal properties 
of such compounds differ greatly. Some possess growth-promoting action 
similar to that of pantothenic acid itself; others are physiologically inert; 
and others inhibit growth. Of the former group, “hydro.vj'pantothenic 
acid” (N-(a-hydro.vy-/S,|S-dimethylolbutyr3’l)-/8-alanine (1-3)) and N-(«- 
hydroxy-/8-methyl'/e-methylolvaler>’l)-j8-alanine (3) are most active, and 
possess growth-promoting activity from 2 to 25 per cent that of pantothenic 
acid, both for animals and for lactic acid bacteria. The most active mem- 
ber of the latter group so far known is pantoyltaurine^ the sulfonic 
acid analogue of pantothenic acid. 

Recently, Pfaltz (10) reported thata,7-dihj’droxy-N-(3-hydroxypropyl)- 
|S,fl-dimothylbutyraniide (N-pantoyl-3-propanolatnine, pantothenyl alco- 
hol) was as effective as pantothenic acid in preventing achromotricliia in 
rats. Presumably, this actiiaty resulted from oxidation of the compound 
to pantothenic acid in vivo, but it appeared desirable to check activitj* of 
this compound against a number of other organisms. Yeast and r’arious 
bacteria were used for this purpose. The product could not replace panto- 
thenic acid for any of the microorganisms tested; in some cases it inhibited 
the growth ordinarily induced by pantothenic acid. This inhibition was 
competitive in nature; f.c., it became apparent only when the ratio of panto- 
thenyl alcohol to pantothenic acid exceeded a certain value, and was 
independent of the absolute amount of inhibitor added over a wide range of 
concentrations. A number of other compounds closely related to panto- 
thenyl alcohol exiiibitcd similar inhibitory properties, but to a lesser degree. 
Details of these findings are presented below. 

'ThroURboul tins paper, the simplified nomenclature adopted by Barnett and 
Robinson (5) will be used. In this system the name ‘‘pantoyl’’ is used for the 0 , 7 - 
dihydroxy-5,S.dimcthylbutyryl radical 

CH, 

I 

CH.OH— C— CHOHCO— 

i 

CH, 
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EXPERIMENTAL 


Pantothcnyl Alcohol (N-PanioylS-propanolamine) — 3-PropanolamineTras 
prepared by the hydrogenation of /J-hj-droxypropionitrile (11) in dioxane 
solution in the presence of Raney’s nickel catalj-st under a pressure of 2000 
pounds per sq. in. Addition of 0.698 gm. of the propanolamine to 1.20 gm. 
of freshlj' distilled dZ-ajT-dihydroxy-jSijS-dimethylbutjTolactone resulted 
in a solution which evolved heat and increased in \Tscosity on standing to 
such an extent that it was necessary to heat the solution at 1 10° for 2 hours 
■with occasional agitation in order to complete the reaction. The yield of 
pantothenyl alcohol, determined by amino nitrogen analjTes before and 
after hydrolysis with hy'drochloric acid, was 80 per cent of the theoretical. 

Preparations utilizing optically active lactones were accomplished in 
the same manner; thus, 0.75 gm. of propanolamine and 1.31 gm. of (+)-«, r- 
dihy'droxy-jS,/3-dimethyibutyTolactone gave a 79 per cent yield of the alco- 
hol, while 0.74 gm. of the propanolamine and 1.30 gm. of the (— )-lactone 
yielded 83 per cent of the theoretical. 

A sample of the df-pantothenyi alcohol was heated at 110° under high 
vacuum for 2 hours in order to remove unchanged intermediates. The 
purity' of this sample was 88 per cent, as determined above.* 

dl-N-Pantoylelhanolamincc — ^Reaction of 0.594 gm. qf freshly distilled 
ethanolamine and 1.259 gm. of df-a, 7 -dihydroxy'-/S,jS-dimethylbutyToIac- 
tone was carried out in the manner described for pantothenyl alcohol. 
The yield determined similarly amounted to 81 per cent of the theoretical. 
After being heated for 2 hours at 110° in high vacuum, the product had a 
purity of 88 per cent. 

dl-N-Pantoyl-n-propylaminc — ^Upon addition of 0.72 gm. of n-propj - 

amine to 1.31 gm. of df-o;,7-dihy'droxy'-^,j3-dimethy'lbutyTolactone, t e 

mixirure became warm. It was heated with occasional stirring for 2 houre 
at 110°. The yield was better than 90 per cent of the theoretical, 
upon the lactone. The reaction mixture was heated for 2 hours ot er 
reduced pressure to remove unchanged propylamine. The viscous P “ 
showed little tendency* to cry'stallizc, but a small sample crystalhz r(^ 
petroleum ether-benzene after standing overnight at a low 
The remaining product was then crystallized from ether .after is i 
seeded with a small amount of the crystalline material.^^ Recr} s a iza 
from ether gave colorless octahedral prisms, m.p. 45-4/ . 


/Uinlysis — CiHnO,N. Calculated, X, 7.10; found, N, ".4*- ^ ^ 

* By the procedures given, these compounds are olrtained as ^ isco^ sj 
arc vco’ difficult to purify. Since preparation of these f red i.actone 

scribed previously (10), and since the impurities present (chieHi 
and amine) do not affect the physiological results, no extende . j^g about W 
isolate the pure compounds. The dried condens.ation mi.v alth niicro- 

per cent of the compound in question, were used in the c p 
organisms. 
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dl-N-Panioylallylamine — By the same process described for the N- 
propylamide, the allylamide was prepared from 0.76 gro- of allylamine and 
1.3Q gm. of the dMactone. The conversion based on the lactone was 95 
per cent of the theoretical. In order to obtain a crystalline product, it 
was necessary to distill molecularly a small sample under a pressure of 
ICM mm. at a temperature of 80-100°. The distillate solidified on standing 
overnight and a few crystals of this product added to the original crude 
product and to the residue from distillation induced crystallization. Re- 
crystallization from ether gave colorless prisms, m.p. 42-44°. 

Analysis— CtHirOiX. Calculated, N, 7.48; found, X, 7.46 

(ll-N-PanioyUlhylamine — By heating a several fold excess of freshly 
distilled anhydrous ethylamine with 1.30 gm. of the dl-lactone in a scaled 
tube at 100° for 2 hours, the lactone was almost totally converted to the 
amide. After the excess ethylamine was removed by heating to 100° 
under reduced pressure, the product crystallized. On recrystallization 
from ether containing a few drops of ethanol, the compound separated 
slowly as colorlehs prisms, m.p. 64-66°. 

Analysis — CiHitOjX'- Calculated, N, 7.99; found, X, 8.18 

dl-N-Panloylylycine {Sodium Sail) — ^The sodium salt of glycine was 
prepared by addition of glycine to sodium in liquid ammonia (12). Two 
methods used in the preparation of sodium pantothenate (13, 14) were 
employed in the synthesis of the sodium salt of N-pantoylglycine. Fusion 
of 1.34 gm. of the df-lactone with 1.0 gm. of the sodium salt of glycine at a 
temperature of 120° for 3 hours gave a product of about 80 per cent purity. 
By refluxing for 3 hours a solution of 1.31 gm. of the dWactone and 0.98 
gm. of the sodium salt of glycine in 7 cc. of isopropyl alcohol and then cool- 
ing, an equivalent yield of relatively pure product was obtained. On 
slow recrystallization from absolute ethanol, the compound formed hygro- 
scopic colorless prisms which lost their crystalline character rather sharply 
at 94-96° and formed a glass which decreased in \Tscosity as the tempera- 
ture was raised. Tliis bchardor is analogous to that of sodium panto- 
thenate (14). 

.Inalysis — ^Xa(CiHiiOjX). Calculated, X, G.17; found, X, 6.36 

Testing Methods — Tests trith yeast were performed as described by Snell 
el etl. (15) for biotin assay. The medium was modified by addition of excess 
biotin (0.25 y per 5 cc.) and omission of ^-alanine. M'ith lactic acid bac- 
teria, a prc\'iously described procedure was used (16). The medium (16) 
was modified by omission of pantothenic acid and addition of 1 mg. of 
asparagine, 10 y of pj-ridoxine hydrochloride, and 1 7 of p-aminobenzoic 
acid per 10 'cc. For Escherichia coli and Staphylococcus aureus, sodium 
acetate was omitted from this medium and the level of phosphates in- 
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creased 3-fold. Culture tubes were inoculated with washed cells from 
actively growing cultures (16 to 24 hours old) of the test organism grown 
in the basal medium, supplemented when necessary with pantothenic acid. 
Time and temperature of incubation are given with Tables I to IV. 

Results — In a preliminary survey of various microorganisms, Leuconosloc 
mesenieroides P-60 proved to be suitably sensitive to the new antimetabo- 
lite, and vhis used to obtain most of the data. From Table I it is evident 
that pantothenyl alcohol has no growth-promoting action for this organ- 


Tabi,f, I 

Growth Inhibition by Pantothenyl Alcohol* and Its Reversal by Pantothenic Acid 


Teat organism, Lcuconostoc mcsentcroides P-60; incubated 22 hours at 30°. 


Calcium 

pantothenate 

Pantothenyl 

alcohol 

Galvanometer 

readtngt 

Calcium 

pantothenate 

Pantothenyl 

alcohol 

Galvanometer 

reading! 

7 per 10 cc 

7 per JO cc. 


7 per 10 cc. 

7 per JO ce. 


0.0 

0.0 

7.5 

1.0 

30 

68 

O.I 

0.0 

55 

I.O 

100 

38 

0.3 

0.0 

07 

1.0 

300 

15 

1.0 

0.0 

72 

1.0 

1,000 

7 

1000 

0.0 

74 

0.0 

10,000 

7 

0.1 

3 

55 

30 

10,000 

13 

0.1 

10 

32 

100 

10,000 

40 

0.1 

30 

15 

300 

10,000 

70 

0.3 

10 

07 

1000 

10,000 

75 

0.3 

30 

40 

0.1 

l,000t 

591 

0.3 

100 

15 

0.1 

lO.OOOt 

63t 


* The condensixtion product prepared from the (—) -lactone was used in these 
experiments. 

t A measure of culture turbidity, distilled water reads zero, an opaque objeci 
t Not pantothenyl alcohol, but the indicated amounts of both (— )-pantomc one 
and 3-propanolamine were added to each of these tubes. Condensation o t e w 
to yield pantothenyl alcohol was effectively prevented by neutralizing t ® 
with hydrochloric acid before its addition. The slight stimulation of gron 
duced by this mixture at suboptimal levels of pantothenic acid is due to t e pa 
lactone, which shows slight availability for growth at those high concen r 
(cf. (4)). 


ism, but rather inhibits growth. The level required to 
increases as the amount of calcium pantothenate is increased. g, 

amounts (more than 10 mg per tube or 0.1 per cent) are V j jo 

cient pantothenic acid is present. The ratio of pantotheny a ^ 
calcium pantothenate at which inhibition is almost comp e 
bacterial index (17)) is about 300, and is constant over a 
concentrations. Mixtures of the (—) -lactone and 3 -propano 
no such inhibitorj'- effect. 
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In Table II, the inhibitory action of pantothenyl alcohol derived from 
condensation of 3-propanolamine \\'ith (+)-, and dl-pantolactone is 
compared. The condensation product from the ( — )-lactone is about twice 
as effective as that from the dUactone, and about 10 times as effective as 
that from the (+)-lactone. Thus grow’th inhibition by the condensation 
products shows the same configurational specificity as does growth promo- 
tion by pantothenic acid. The low activity of the product formed from the 
(-f )-lactone may result from formation of some (— )-lactone by racemiza- 
tion in the alkaline reaction mixture. 

Tablk II 


Comparative Actirities of Pantothenyl Alcohol Derived from {+)-,anddl-Laclones 

Test organism, Leuconosloc mcsentcroides; incubated 21 hours at 30°. 1 7 of 
calcium pantothenate was present in each culture tube (10 cc.). 


Amount o( product added 

Galvanometer reading* 

Pantothenyl alcoboV»from 


(— )-Lactone 1 

j (d-)-Lactonc 

d/-Lactoae 

7 Ptr iO ee. 




0 

74 

74 

74 

30 

72 

74 

73 

100 

49 

73 

6S 

300 ' 

9.0 

72 

30 

1000 


43 

4.0 

3000 


S.O 


Antibacterial indext 

^00 cn. 

3000 CO. 

>300 

<1000 


* As in Table I; “blank” reading without added pantothenic acid, 6.0. 

fThc antibacterial index (17) is the ratio of the concentration of inhibitor (C/) 
to that of the essential metabolite (pantothenic acid,C'jr), at which complete inl)ibi- 
tion of the test organism results. 

The comparative potencies as growth inhibitors of products related in 
structure to pantothenyl alcohol are shown in Tabic III . The lower homo- 
logue of pantothenyl alcohol, X-pantoylcthanolamine, has about one- 
fourth the activity of pantothenyl alcohol itself. In view of this fact, it is 
interesting that its oxidation product, N-pantoylglj’cine, which is stnic- 
turallj' more similar to pantothenic acid, shows no inhibitorj’ action. 
Inhibitory action of tliis nature exadently is not solely dependent upon 
structural similarity to the metabolite. This is further emphasized by the 
inhibitorj* properties of pantoj'lpropj’lamine, pantoj'lallylaminc, and 
pantoj’leth j'lamine . 

The comparative susceptibilitj* of various organisms to growth inhibition 
by pantothcnj’l alcohol is shown in Tabic IV. Susceptibilitj* among 
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organisms which require pantothenic acid varies greatly, from those which 
are very sensitive such as Leuconostoc mesenteroides and Streplococm 
laclis, to those which are extremely resistant such as Ladobacillm Jer- 
mcnlum, Streptococcus faccalis R, and Saccharomyces cercsisiae. None of 
the organisms tested which did not require added pantothenic acid for 
growth ivas inhibited by pantothcnyl alcohol. The susceptibility of the 
same organisms to pantoyltaurine under the same conditions of growth was 


Table III 

Qrowlh Inhihiiion by Compounds Related to Pantothenyl Aleohol* 
Test organism, Leuconostoc mesenteroides; incubated 20 hotirs at 30°. 


Amount of product added 

GalvranofflCier 

Inhibitor 

Calcium 

pantothenate 

d/'Pantn* 

thcnyl 

alcohol 



d;-N*Pan. 

toylallyl- 

amloe 

|H 

^/-N'Pantoyl- 

gJydac 

rtg. fer 20 

•jr ttr lO cc. 







0.0 


10 

10 

10 

10 

10 

10 

0.0 

.1.0 

CO 

66 

66 

66 

66 

66 

0.20 

1.0 

48 

71 

72 

72 



0.60 

1.0 

11 

61 

72 

65 

72 

65 

1.0 

1.0 

9.0 

38 

60 

68 

09 

65 

2.0 

1.0 


9.0 

29 

21 

52 

66 

5.0 

1.0 



9.0 

9.0 

12 

67 

10 

1.0 





9.0 

69 

20 

1.0 






72 

10 


71 

07 

04 

65 

05 

67 

Antibacterial indoxj 

500 

2000 

5000 

6000 

10,000 

>50,0001 


* The products tested w-cre derived from tbe di-Iactone in nd cases. - one 
them promoted growth in the absence of pantothenic acid. If it is assume s 
onb' the condensation product derived from the (— }-lactone has inhibitory ac i 
(cf. Table II), products prepared from the (—)-lactone would be inhibitory a on 
half the concentrations used above, 
t As in Table I. 

t As in Table II. Lowed the 

§ Separate experiments in which less pantothenic acid was presen s 
antibacterial index of this product to be >600,000. 

also delermined. For the most sensitive organisms, 

lites have similar potencies as inhibitors; however, marked 

in the sensitivity of a given organism toward the two by 

Leuconostoc mesenteroides, which is extremely resistant to i ‘ 

pantoyltaurine, is the most sensitive organism to pan o 

which was found. On the other hand, Lactobacillus afu wa ^ 

more sensitive to pantoyltaurine than it is to pantotheny a co o . 
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DISCUSSION 

Growth inhibition produced by both pantothenyl alcohol and pantoyl- 
taurine (4) is specifically counteracted by pantothenic acid; whether or not 
inhibition of growth results is dependent upon the ratio of inhibitor to 
pantothenic acid. The relationship is competitive over a wide range. 
Both products appear to be completely non-toxic for organisms w’hich 

Tabcu IV 


Comporalive Susceptibility of Various Oryanisnis to Inhibition by Pantothcnyl Alcohol 

and Pantoyllaurinc 


Organism* 

Antibicten&I index 

Pantotbcnyl alcobott 

FAnto>IUQrinef 

Lcuconosloc mcscntcroidcs P-60 

300 

>200,0001 

Lactobacillus acidophilus IIT . 


5,000 

" arabinosus 17-5 

5,000 

1,000 

“ casci. . . . 


10,000 

“ fermcnlum 

100,000 

, >200,0001 

Streptococcus faecalis R 

50,000 

30,000 

“ laetis 125 

1,000 


Saccharoniyces ccrcvisioc Fll 

>30,000 

10,000 

Staphylococcus aureus 

Not inhibitedS 

Not inhibited! 

Escherichia coli 

.. .. 5 

•• “ § 


• L. mescnlcroida, L. arabinosus, S. faecalts, and 5. ceremsiae were incubated at 
30°; all other cultures at 37°. Incubation time was 21 hours in all cases. All of the 
organisms require pantothenic acid for growth except S. aureus and E. colt. Panto- 
thenyl alcohol (or pantoyltaurine) did not replace pantothenic acid for any of these 
organisms. In all cases in which inhibition was produced, this was prevented by 
additional pantothenic acid. 

t The products tested were prepared from (— )-pantolaclonc in each case and 
contained about 90 per cent of the condensation products. Sec reference (4). 

1 20 mg. of pantoyltaurine produced no diminution in growth in the presence of 
0.1 Tf of pantothenic acid. Higher levels were not tested. 

§ These organisms were grown in a pantothenic acid-free medium; no inhibition 
of growth was produced by 30 mg of pantothcnyl alcohol or pantoyllaurinc per 10 
cc of medium. 

sjTithesize pantothenic acid. Because of these similarities, it might be 
assumed that their modes of action were similar. That the similarity is 
not complete is indicated by the data which show that organisms which arc 
resistant to inhibition by pantoyltaurine may be sensitive to pantothcnyl 
alcohol, and vice versa. No e.\peruncntal data arc available which explain 
this dilTorence in action. It may result solely from differences in perme- 
ability of various microbial cells to the two substances. On the other hand. 
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the two compounds may interfere specificaD3' inth different reactions for 
wliicii pantothenic acid is essential. In any case, the new antimetabolite 
might prove useful in investigating the mode of action of pantothenic add. 

In\'estigation has shown ( 18 ) that rats can be protected from as high as 
100,000 lethal doses of injected hemolytic streptococci by panto3'ltauiine. 
If, as ha.s been stated b3'- Pfaltz ( 10 ), rats can utilize pantathenyl alcohol 
as effeetivel}' as pantothenic acid, it seems unlike^' that the former would 
have useful antibacterial action in vivo, since the host animal would produce 
from the antimetabolite the very metabolite which prevents its action. 
Much depends upon the site at wldch the various actions take place, hmv- 
ewer, and chemotherapeutic trial of the new .substance should be interesting. 
In view of the general failure of the microorganisms tested to utilize the 
alcohol in place of the acid, this abilitj' might not be general^' distributed 
among animals. Further, oxidation of some of the compounds xvhtch shoir 
inlubilor3’ action (c.g., N-panto3'lethanolamine, etc.) to pantothenic add 
is not possible. 

Exchange of tlie carboxyl group of various metabolites for a sulfonic acid 
orsulfonamide'group results, in man3' instancas, in compounds which show 
inlubitor3' proiK!rtie,s, From results cited above, it seems likely that a 
similar exchange of the carho.xx'l group of \'arious essential metabolite for 
a h3'dro.V3Tneth3'l group might rc.sult in a neu’ class of inliibiton’ 
compounds.® 

Itecentl}', Barnett (7) ha.s sx’ijthcsized K’-pant 03 ’l-/ 3 -.aminoeth 3 dthiol .an 

the coiTCsponding disulfide. Tliese compounds show inhibitoi3' properties 
similai- to tliasc of pant03'ltaurinc. Although these compounds «ere 
ayntbesized because of their structural lelationship to panto3dtaurine, t 
are just as closeb" related to compounds considered above. Tlius i 
panto 3 'laminoeth 3 'lthiol is the tliio- analogue of N-pantO}defh3nolamine. 
Test of the thio- analogue of pantotheiyl alcohol .should thiis proreo 
interest. 

Micro-Dumtus and Van Slyke anal3iscs were carried out b}’ Gu3'n Idfu 
Sliive. 


SUMMAHY 


X- 


Tho preparation of pantot!ien 3 'l alcohol, N-panto3'Iethano .aim , 
pant03'lgl\'cine, N-panto3'l-n-prop3damine, N-panto3'la!ly amme, 
p,anto3'leth3’lamine is described. The latter four are ne« comp ” ^ 
were obtained as cr 3 'stalline solids. These compounds m 
some microorganisms wliich require pantothenic acid or gro\ 

» Unpublished data show, for example, that jo^c awl. 

ot some microorganisms; tliis inliibilion is prevented by p-a 
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inhibition produced is competitive in nature; progressively larger amounts 
of compoimd are required to inhibit growth as the amount of pantothenic 
acid present is increased. The sensitivity of the various microorganisms 
to the new antimetabolites varies widely. Of those tested, Leuconostoc 
mesenteroides was most sensitive. For this organism, the compounds 
vary as follows in their inhibitory powers: pantothenyl alcohol > pantoyl- 
ethanolamine > pantoylallylamine ^ pantoylpropylamine > pantoyl- 
ethylamine > pantoylglycine. 

The susceptibility of various microorganisms to growth inhibition by 
pantothenyl alcohol and pantoyltauiine was compared. An organism 
may be very sensitive to one and veiy resistant to the other, although the 
mode of action of the two compounds appears very similar in other respects. 
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EFFECT OF THE INGESTION OF EXCESSIVE QUANTITIES OF 
CHOLINE ON THE AMOUNT IN TISSUES AND URINE* 

Bt R. W. LUECKEt and P. B. PEARSON 

(From the Nulrition Lahoralory, Department of Animal Hushandry, and the Texas 
Agricultural Experiment Station, Agricultural and Mechanical 
College of Texas, College Station) 

(Received for publication, January 22, 1945) 

It is well known that a deficienc 3 ‘ of choline in the animal leads to the pro- 
duction of kidney lesions and to the accumulation of neutral fat in the liver. 
Patterson and McHenrj’’ (1) have reported that choline deficiency in young 
rats results in a decrease in the phospholipid content of the kidnej’. The 
same authors (2) later found that a deficiencj' of choline in j-oung i-ats re- 
sulted in a 29 per cent decrease in the choline content of the kidneys and a 
35 per cent decrease in the choline content of the liver. However, the 
amount of choline per 100 mg. of phospholipid was not appreciablj’ changed, 
indicating that the amount of phospholipid formed is dependent on the 
amount of choline available. 

Jacobi and coworkers (3, 4) on the other hand foiuid no decrease in the 
choline 'content of the whole rat carcass after more than 8 weeks on a diet 
low in choline. It has been suggested that their results may he explained 
iry the fact that the choline sjmthesis observed was due to the presence of 
other compounds in the diet capable of supplying methyl groups. 

Fishman and Artora (5) have found that when weanling rats were placed 
on cither a low or high fat diet the concentration of choline-containing liver 
lipids was markedly lower than that of rats on a stock diet. The addition 
of choline to the diets resulted in a pronounced increase in the levels of 
choline-containing liver lipids. 

Since Luecke and Pearson (G, 7) have found that there are measurable 
amounts of free choline in plasma, liver, and kidnej', it seemed desirable to 
study the effect of the ingestion of large amounts of choline on the free and 
total choline content of these tissues and the amount excreted in the urine. 
1 ho total and free choline was determined bv the microbiological procedure 

(G. 7). 

* The authors arc indebted to Merck and Company, Inc., for the choline chloride 
and to the International Minerals and Chemical Corporation for the betaine hydro- 
chloride used in these investigations, 

t Present address, Michigan Agricultural Experiment Station, Michigan State 
College, East Lansing, Michigan. 
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INGESTION OF EXCESSIVE CHOLINE 


EXPEHIMEXTAL 

Sheep and dogs were used as the experimental animals, as relatively large 
amounts of blood are required for the determination of free choline. In the 
first series sheep weighing approximately 33 kilos were placed in metabolism 
cages and the 48 hour excretion of choline in the urine determined. Folio iv- 
ing this, 10 or 20 gm. of choline chloride in aqueous solution were adminis- 
tered by mouth. The urine was again collected for 48 hours and the amount 
of choline excreted determined. Samples of blood were drawn before the 
feeding of choline and at intervals of 1, 3, 5, 8, 24, and 48 hours thereafter. 
Both free choline and total choline were determined on the plasma. The 
animals were lulled 48 hours after ingestion of the choline. The liver and 
kidney were analyzed for both free and total choline. 

Three sheep were given 10 gm. of choline chloride and four were given 20 
gm. Approximately 1 per cent of the choline ingested was excreted in the 
urine during the 48 hour period. The choline content of the feces was de- 
tei-mined before and after feeding choline to a single animal. Only 1 per 
cent of the ingested choline could be accounted for in the feces. The total 
and free choline values of the plasma were virtually the same at the various 
intervals after feeding as they were before the ingestion of choline. 

After the ingestion of choline the average value for the free choline 
content of the liver w’as 0.17 mg. per gm. and 0.28 mg. per gm. for kidney. 
These figures do not differ significantly from the average for five normal 
sheep of 0.20 mg. per gm. for liver and 0.29 mg. per gm. for kidney. The 
average values for the total choline of the sheep fed choline were 6.30 mg. 
per gm. for liver and 4.98 mg. per gm. for kidney. The corresponding 
values for liver and kidney from normal sheep were 6.25 and 5.00 mg. per 
gm. respectively. From these data it is evident that the ingestion of a mas- 
sive dose of choline docs not significantly increase either the total or free 
choline content of the liver or kidney. , 

Since only a small amount of a single dose of choline could be accoun 
for, we decided to feed 40 gm. daily for a period of 6 days. The choline an 
total nitrogen excreted in the urine and the free and total choline m a 

plasma w’ere determined. • j j -i to 

Table I shows the results of feeding 40 gm. of cholme chloride ai y 
two sheep over a 6 day period. The maximum quantity of cho ® 
ered in the urine in any 24 hour period amounted to only 2.5 per cen o 
quantity ingested. It is also clear that the feeding of large 
choline has no effect on the free or total choline content of plasma. 
sis of the liver and kidney revealed no increase in either the to a 
cholme when compared with the values for normal animals. ^ 

Choline chloride contains approximately 10 per Cent mtrogen, 
ingestion of 40 gm. of choline chloride would increase the ni ro 
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In' about 4 gm. The urinary excretion of nitrogen increased over that of the 
basal period by 4 gm. per 24 hour period during the time choline was in- 
gested, and in some instances the increase was even greater than could be 
accounted for on the basis of choline nitrogen fed. From this it is apparent 
that the animal stores no extra choline when excessive amounts are ingested. 
Since virtually all of the choline nitrogen is excreted in the' urine and not 
more than 2.5 per cent as choline, it is e\'ident that the animal rapidly 
metabolizfes choline. 

Effect of Feeding Large Amounts of Choline to Dogs — ^Two dogs, each 
weighing 7 Idlos, were placed in metabolism cages and quantitative collec- 

Tabi-e I 

Effect of Choline Feeding on Free and Total Choline Content of Plasma and Daily 
Urinary Excretion of Choline in Sheep 


40 gro. of choline chloride fed daily. 


Sheep No. 

1 

Days fed choline 

ChoUne io urine 

ChoUne in pUsnu 

Treo 

Torn 



rng, prr 24 hn. 

7 per rtl. 

7 per nl. 

1 

Imtisl 1 

2 

15.7 

121 


1 1 

306 




2 1 

352 ! 

14.2 

132 


3 i 

409 j 




4 

476 

13.1 

119 


5 ! 

425 




6 

400 

15.0 

127 

2 

Initial ! 

2 

11.1 

141 

1 

1 ' 

734 




2 

570 

11.2 

140 


3 

105C ' 




4 

783 

11.5 

142 


5 

650 1 




G 

GOO 

10. S 

139 


tions of urine made for the 3 day period before supplementing the diet with 
choline, and for the 5 day period during wliich choline was fed. The 
amount of choline fed per day was 5 gm. It was incorporated in the ration 
with no effect on palatability, prorided that some ground meat was in- 
cluded. The free and total choline values on plasma wpre determined on 
two samples, one draNvn before supplementing the ration with choline, the 
other at the end of the 5th day of choline feeding. The re.sults (Table II) 
.‘^hou' that the feeding of 5 gm. of choline chloride per day did not increase 
the eoncentration of cither free or total choline in the plasma. 

The urinary excretion of choline in response to the feeding of 5 gm. daily 
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of cliolinc chloride is also shoim in Table II. It is evident that the amount 
of choline recovered in the urine of the dog is even smaller than had been the 
case with sheep. The highest recoverj* of choline on any single day ap- 
proaches 0.5 per cent. However, the percentage recovery in both specks 
is so small that any difference between them is without significance. 

Comparison of Chemical and Microbiological Methods for Delerminalwn oj 
Choline in Urine — ^The most widely used chemical method for the determi- 
nation of choline is the reineckate procedure. .A.mmonium reineckate is by 
no moans a specific precipitant for choline (8). Thus, if the ingested cliolinc 
were being excreted in any of the various nitrogenous forms which forai a 
reineckate, the chemical method would give higher values than the raicro- 


Tablb II 

Effect of Choline Feeding on Free and Total Choline Content of Plasma and Daily 
Urinary Excretion of Choline in the Dog 


5 gm. of choline chloride fed daily. 


1 

Dos No, i 

Diyi led choline [ 


1 CboUoo tn plumi 


Frtc 

TcU! 



r»f. per 24 hi. 

y ptr tnl. 

Xtirml. 

1 i 

Initial 

1.5 

11.2 

151 


1 

20.2 



i 

2 I 

19.6 




3 

12.3 



i 

4 i 

2S.2 

i 



5 i 

30.0 

11.0 

160 

2 

Initial 

4.0 

9.5 

120 


1 

22.0 



j 

2 

65.2 




3 

61.6 




4 

52.7 




5 

50.2 

1 10.1 

124 


biological, since the latter is unaffected by these compounds. The rein 
ate procedure as described by Engel (9) was used for „ 

ammonium reineckate being added directly to 50 ml. of the undi u un 
The resulting values, however, were in very close agreement wi 
obtained by the microbiological procedure, indicating t a 
nitrogen in the urine as a result of choline feeding was pro 
form of a quaternary^ ammonium base, a tertiary', secondary, or 


Effect of Ingestion of Betainc~The work of Stelten (iO) 

cates that the methyl groups of betaine can be ^“Lmn-uiied by an 

choline. The feeding of betaine might conceivably be accomp- 
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increase in the excretion of choline in the urine. AccordingU' one sheep '.vas 
fed 20 gm. of betaine hydrochloride for 2 successive daj^s and the amount of 
choline in the urine determined by both the chemical and microbiological 
methods. Values obtained by the two methods agreed verj‘ well. The feed- 
ing of betaine hydrochloride was not foUowcd by anj' increase in choline 
excretion, nor was any betaine excreted, as evidenced by the fact that the 
reineckate method which measures betaine showed no increase over that of 
the microbiological method which is unaffected by betaine. Thus, neither 
betaine nor choline was excreted as a result of betaine feeding. 

DISCUSSION- 

It is difficult to explain the failure of liver, kidney, and blood to show any 
increase in either free or total choline when large doses of choline are fed. 
Undoubtedly some regulatory mechanism is present which very- rapidly 
converts ingested choline to another metabolite. In this connection it is 
interesting to note that Jacobi and Baumann (4) suggested that their failure 
to find a decrease in the choline content of fatty livers as compared to the 
normal liver may be due to an inhibition of the choline oxidase os a result 
of the increased fat content. The work of Handler and Bemheim (11) 
showed that the activity of choline oxidase was depressed in the fatty liver. 
Thus, it may be that a reverse mechanism b being set up in the present case, 
and that the feeding of large quantities of choline stimulates the activity of 
this enzyme, thereby preventing any increase in the choline content of the 
tissues or blood. 


SUMilARY 

The ingestion of 40 gm. of choline chloride daily for a period of G days did 
not increase either the free or total choline content of the liver, kidney, or 
plasma. The choline recovered in the urine on any single day during cho- 
line feeding ranged from 0.7 to 2.5 per cent of the choline ingested bj- sheep. 
The amount excreted in the urine of dogs ingesting 5 gm. daily was approxi- 
mately 0.5 per cent of the amount ingested. 

The ingestion of choline is accompanied by an increase in urinary nitro- 
gen. The increment in urinary nitrogen is vdrtually equivalent to the 
choline nitrogen ingested. 

Betaine hydrochloride adminfetcred per os is not excreted in urine as cho- 
line or betaine. 
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THE INHIBITION OF CARBONIC ANHYDRASE BY THIO- 
PHENE-2-SULFONAMIDE AND SULFANILAMIDE 

By HORACE W. DA\'ENPORT 

{From the Department of Physiology, Harrard Medical School, Boston) 
(Received for publication, November 25, 13i4) 

Since the discovery by Mann and Keilin (1) that sulfonamides having 
a free sulfonamide group inhibit carbonic anhydrase, it has been assumed 
that the inhibition of the enzyme accounts for the disturbances in acid- 
base balance following sulfanilamide administration. Also sulfanilamide 
has been used to test hypotheses concerning the r6Ie of carbonic anhydrase 
in several organs with positive results in the kidney (2) and negative results 
in the gastric mucosa (3, 4) and the pancreas (5) . Since carbonic anhydrase 
is present in tissues in concentrations far in excess of those required (6), 
it is doubtful whether suKanilamide in the concentrations used is capable 
of providing effective inhibition. The following data establish the facts 
that sulfanilamide cannot be expected to inhibit carbonic anhydrase 
sufficiently to interfere with processes of which the enzjTne is a part and 
that another sulfonamide (7), thiophene-2-sulfonainide,‘ might be expecteci 
to do so. 

Inhibilton of Carbonic Anhydrase Solutions — Carbonic anhydrase was 
determined by the method of Meldrum and Houghton (8) in which a mix- 
ture of 2 ml. of 0.2 M phosphate buffer, pH 6.9, and 2 ml. of 0.2 it NallCOj 
is violently shaken, the rate of carbon dioxide evolution being followed 
manometrically. The enzyme unit is the amount of enzjTue which pro- 
duces a rate of evolution twice that of the uncatalyzed reaction during 
the third eighth of the reaction. All observations were made at 0° unless 
otherwise stated. 

Carbonic anhydrase and its sulfonamide inhibitors enter into the reaction 
E + I El. The reaction is reversible, and equilibrium is reached 
almost instantaneousl5^ The mass action e.xpression for the reaction is 

imi-Ei) _ 
tir) - ^ 

The terms (E) and {El) can be measured in terms of enzjane activity. 
The term {I— El) is equal to (/), for (7) is 10“' M or more, while {El) 
is lO'’® xt or less. Therefore the constant is independent of the enzjTne 
unit. 

• I am deepb' indebted to tbe .\inerican Cyanamid Company and to Dr. R. 0. 
Roblin, Jr,, for a generous supplj- of tbiopbenc-2-suUonainidc. 
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The validity of equation (1) was proved by measuring the inhibition 
of carbonic anhydrase from laked washed red blood cells. The results 
are presented in Fig. 1. The curves drawn are those having a form derived 
from equation (1) and giving the best fit for the data. The value of K for 
thiophene-2-sulfonamide at O'* is 1.0 X 10“^ It is the same at 10°, and the 
observed value can probably be safely used to calculate the inhibition at 
38° with little error. 

The value of K for sulfanilamide at 0° is 1 .0 X 10~'. A few observations 
at 10° gave a value of 1.8 X 10”*. Extrapolation by means of the Arrhenius 
equation gave a value of 7.4 X 10”* at 38°. Therefore sulfanilamide might 



Fig. 1. Ordinates, fractional activity of carbonic anhydrase in the presence of 
inhibitors; abscissae, log inhibitor concentration in moles per liter. Left-han 
curve, solid circles, thiophenc-2-sulfonamidc at 0°; open circles, at 10°. Eight-han 
curve, solid circles, sulfanilamide at 0°. 


be expected to be about 40 times less effective than thiophene-2-sulfonaim e 
in inhibiting the enzyme in the body. 

The values are independent of the purity or source of the enzyme, or 
identical values were obtained on very liighly purified enzyme .' 
supplied by Dr. D. A. Scott and Dr. F. J. W. Houghton and on enzyme 
from the kidney and gastric mucosa. . 

Equation (1) holds at very high enzyme concentrations. A reac ion 
ture was made containing 3675 units of enzyme and 0.00199 M -jj 

sulfonamide. The expected activity was 0.30 unit, and the actm } 
was 0.78 unit. Similar experiments with sulfanilamide co 
prediction that the drug would be 6 times less effective t an i 

2-sulfonamide at 0°. * n the inhi- 

4-fofd variation in substrate concentration has no enec o 
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bition. Tvvo series of experiments were performed in which the reaction 
mixture was composed of 2 ml. of the phosphate buffer and 2 ml. of either 
0.1 M or 0.4 M NaHCOa. The results are presented in Fig.2. 

Inhibition of Carbon Dioxide Uptake by Blood — A comparison of the 
effectiveness of thiophene-2-sulfonanude and sulfanilamide in inhibiting 
carbonic anhydrase in cells was obtained by studying the rate of carbon 
dioxide uptake by blood. A reaction mixture was prepared by mixing 
3 ml. of dog blood and 1 ml. of 0.9 per cent NaCl containing the desired 
amount of inhibitor. The mixture was \'iolently shaken at 0° for 15 minutes 
while a steady current of air was blown through the reaction vessel. At the 
end of this treatment the blood was in equilibrium ■with air. Shaking and 



Tic. 2. Ordinates, fractional activity of carbonic anhydrase in the presence of 
thiophcnc-2-Bulfonamide at 0°; abscissae, log inhibitor concentration in moles per 
liter. Open cirrIcs,2inI.of 0.4 M NallCOjin the reaction mixture; solid circles, 2 ml. 
of 0.1 M NallCOj in (he reaction mixture. The curve is identical ■with the left-hand 
curve in Fig. 1 

aeration were sUippctl, and after the blood had drained from the sides of 
the vessel 2.2 ml. of carbon dioxide were admitted. The partial pressure 
of carbon dioxide was 17.7 mm. of Hg. Sliaking was again begun, and the 
uptake of carbon dioxide was followed manomctrically. 

The results are presented in Table I. The concentrations of the in- 
hibitors are given in mg. per cent for the sake of conformity with the rest 
of the literature on sulfonamide drugs. The rates of uptake of carbon 
dioxide are those observed in the second quarter of the reaction. The 
rates are corrected by the method of Roughton (9) for the limiting effect of 
diffusion through the gas-liquid interface. The second column under 
each drug gives the per cent inhibition of the catalyzed reaction calculated 
on the as-xiimption that the slowest rate observed represents the uncat- 
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alyzed reaction. The third column gives the per cent inhibition of the 
enzyme calculated from equation (1) and the appropiiate constants. 

These observations shoB’ that the inhibition of the catalyzed reaction 
is not proportional to the inhibition of the enzyme. In order to reduce the 
rate of the eatatyzed reaction by 90 per cent more than 99.97 per cent of 
the en^e must be inhibited. At 0° concentrations of thiophene-2-suI- 
fonamide between 10 and 25 mg. per cent Bill effect this degree of inlubition, 
B'hile the concentration of sulfanilamide must be over 50 mg. per cent. At 
body temperature much higher concentrations of sulfanilamide vould 
be required. 


Table I 


Rale of V plakc of Carbon Dioxide by Blood at 0° in Presence of Tkiophene-S-sulfommiit 

and Sulfanilamide 


Inhibitof (7) 

Thioph«e*2-5ulfonaTnidc 

SuUanllawidg 

Riite of COj 
uptake 

j 

^ Ttr cent 
Inhibition of 
catalyzed 
rcactfon 

Percent 
{nhibltion of 
Cfljyme 

Rate of COt 
uptake 

Per cent 
iabIbUlon of 
catalyzed 
reaction 

Per cent 
lahibltloa of 
csixyat 


QESSa 






0 


0 

0 


0 i 

0 

1 

HInRSH 

G9.5 

99.74 



9S.2S 

10 

2.72 

80.5 

99.97 

7.17 


99.83 

25 

O.SS 

100.0 

99.99 

5. CO 

1 65.8 

! 99.93 

50 

O.SS 

100.0 

100.00 

3.29 

82.5 

99.97 

125 




2.04 

91.0 

99.9S 

250 




1.46 

95.7 

99.99 


SUMMARV 

The inhibition of carbonic anhydrase by thiophene- 2 -suifonamide and 
sulfanilamide can be described by the equation E + I^ BL The constan 
for the mass action e.\-pression of this reaction has been detem^ed. 

Thiophene-2-suIfonamide is 6 times more effective in inhibiting car mo 
anhydrase at 0° than sulfanilamide and probably about 40 times more 

effective at 38°. .. 

4-Fold imriations in the substrate concentration have no effec on 

inhibition. j.-nvide 

In order to reduce the rate of the catalyzed uptake of 
by blood at 0° by 90 per cent the carbonic anhydrase in the red re 
be inhibited by more than 99.97 per cent. The concentration of tmoP 
2-sulfonamide required is betB'een 10 and 25 mg. per cent, b’ e 
centration of sulfanilamide is over 50 mg. per cent. 
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A SIMPLIFIED METHOD FOR THE DETERAIINATION 
OF IRON IN MILK* 

Bt W. R. RUEGAMER, L. MICHAUD, and C. A. ELVEHJEM 

(From the Department of Biochemistry, College of Agriculture, 

University of Wisconsin, Madison) 

(Received for publication, February 17, 1945) 

During studies on anemia in dogs, it was found necessary to determine 
the iron content of milk routinely. Since the present techniques for the 
determination of iron in mUk generally include ashing, a new method was 
sought in which this step could be eliminated. 

The method of Fowweather (1) was available, but wet ashing with sul- 
furic acid and hydrogen peroxide is still time-consuming. Barkan and 
Walker (2) found that digestion of blood plasma at 32° with 1.2 per cent 
hydrochloric acid gave reliable results. However, since this digestion 
fails to release firmly bound iron, it did not appear suitable for the de- 
termination of iron in milk. Tompsett (3) described a colorimetric method 
for the determination of plasma iron, using trichloroacetic acid to pre- 
cipitate the protein material and thiolactic acid as the color reagent. This 
procedure requires an alkaline medium for the final development of color 
and cannot be applied to milk, since the addition of alkali to an acid extract 
of milk produces a heavy precipitate. However, within the course of his 
investigation, Tompsett (3) found that reduction of ferric iron with thio- 
lactic acid or sodium hydrosulfite prevented the coprecipitation of the 
iron by proteins. In this connection, Borgen and Elvehjem (4) found, 
that sodium pyrophosphate gave low iron values when added to a sample 
unless a reducing agent was also present. 

IHtzes cl al. (5) proposed a method in which the proteins are precipitated 
with heat and trichloroacetic add, the buffered supernatant is reduced with 
thioglycolic acid, and the intensitj* of the color developed by the addition 
of a,a'-bipyridine is measured. As outlined, this procedure is not ap- 
plicable to milk, since it does not liberate firmly bound iron. However, 
because it is rapid, accurate, and seemingly adaptable, attempts were 
made to modify the method for use on milk. 

Reagents — 

1. a ,ft'-Bipyridine. 0.2 gm. of a,Q'-bipj-ridinc is dissolved in 5 ml, of 
c.p. glacial acetic acid and diluted with water to 100 ml. 

• Published with the approval of the Director of the WiEconEin AEricultural Ex- 
periment Station. 

Supported in part by a grjint from the tViEConEin Alumni RcEcarch Foundation. 
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2. Ammonium hydroxide, approximately 6 n. ■ 

3. Buffer solution. Dissolve 27.2 ml. of c.p. glacial acetic acid and 33.4 
gm. of c.p. sodium acetate in water and dilute to a volume of 250 ml. 

4. Hydrochloric acid, 6 n and c.p., concentrated. 

5. p-Nitrophenol, 0.1 per cent solution in water. 

6. Redistilled water. 

7. Standard iron solution, prepared by dissolving iron wire in dilute 
hvdrochloric acid. 

8. Thioglycolic acid, Eastman’s practical grade. 

9. Trichloroacetic acid, 25 per cent solution in water. 

EXPERIMENTAL 

The method of Kitzes cl al. (5) was tried as such, but extremely low 
iron values were obtained (0.13 to 0.18 mg. per kilo of milk). Recoverj- 
of added iron was likewise poor and averaged only 45 per cent. These 
results were attributed to coprecipitation of the inorganic iron and failure 
to liberate the firmly bound iron. The work of Barkan and Walker (2) 
suggested that hydrochloric acid might overcome the difficulty. There- 
fore, new determinations were made with the procedure as outlined by 
Eatzes except for the addition of 1 ml. of 6 N hydrochloric acid to the 
digestion mixture. This set of determinations gave values of 0.44 to 
0.63 mg. per kilo of milk. Subsequently varjnng amounts and concentra- 
tions of hydrochloric acid were tried. It was found that the addition o 
1 ml. of concentrated hydrochloric acid gave the best results, and that 
higher concentrations of acid were not advantageous. 

Because of the earlier work of Tompsett (3) and Borgen and Eive^em 
(4) it was decided to add a reducing agent to the digestion mixture. > 
o^ycolic acid was chosen as the reducing agent, because Shorlm ^ 
Wall (6) and Borgen and Elvehjem (4) had demonstrated its a i J o 
liberate hematin iron. 5 drops of thioglycolic acid were adde o 
hydrochloric-trichloroacetic acid digestion mixture and 
followed as before. Values obtained in this analysis r^ged rom • 
to 0.564 mg. per kilo of milk and recoveries of added iron average 

Under these conditions a clear supernatant could not al'vaj's be 
Therefore, the effect of various concentrations of found 

length of heating, and speed of centrifugation was studied. .j^yoric 
that adding 2 ml. of 25 per cent trichloroacetic acid to ® ^ (QO-95°) 
acid digestion mixture and heating for 5 minutes in a wa r s ^ 

brought about the formation of a flocculent precipitate n c 
removed by centrifuging at 3500 r.p.m. for 15 minu^. ^-gstioa 
found that all reagents can be added simultaneously 
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mixture mthout altering the iron values. Recovery of added iron in 
this case was found to range from 95 to 106 per cent. 

As another check on the reliability of the method, the residues of several 
samples were ashed, boiled in hydrochloric acid, and their iron content 
determined by the bipyridine method. Only negligible amoimts of iron 
(possibly due to contamination) were found. 

Proposed Procedure 

To 5 ml. of whole milk in a 15 ml. centrifuge tube, add 5 drops of thio- 
glycolic acid, 2 ml. of trichloroacetic acid, and 1 ml. of concentrated hy- 
drochloric acid. A blank with all reagents is also prepared. 


Table I 

Iron Values for Raw, Market, and Evaporated Milk 


5 ml sample of milk 

Sample 
No. ' 

1 

Aliquot 

Center 

point 

reading 

Galvano- 

meter 

reading 

Iron in 
aliquot 

Iron per 
kilo of 
milk 



ml. 



7 

ng. 

Raw 


10 

D3.5 

93.5 

1.05 

0.520 

<< 


10 

63.2 

93.8 

1.00 

0.500 

<( 


10 

03 .0 

94.0 

0.97 

1 0.490 

Market 

1 

10 

64.0 

94.0 

0.97 


(( 

2 

10 

63.5 

93.5 

1.05 


(( 

3 

5 

63.8 

96.1 

0.57 

EE 3 

Evaporated 

1 

10 

64.0 

87.1 

2.29 

1.144 

<1 

2 

10 

63.0 

86.2 

2.47 

1.234 

fi 

3 

10 

63.7 

87.0 

2.30 

1.150 


Stir well and place in a water bath heated to 90-95° for 5 minutes and 
cool in water. 

Stir thoroughly to break up the precipitate, and centrifuge at 3500 
R.P.M. for 15 minutes. 

Decant the supernatant into a 25 ml. glass-stoppered volumetric flask. 
Wash the precipitate vuth a mixture of 2 ml. of redistilled water, 1 ml. of 
trichloroacetic acid, and 1 ml. of concentrated hydrochloric acid, and 
repeat the heating and centrifuging as above. 

To the combined supernatants add 1 drop of p-nitrophenol and ammonia 
slowlj' until the solution becomes yellow. Make acid with 1 or 2 drops of 
hydrochloric acid or until the yellow color disappears. 

Add 1 ml. of buffer solution and dilute with water to 25 ml. Mix. 

Kpette an aliquot (5 or 10 ml.) containing 1 to 3 y of iron into an 
E^•elyn tube and make to 10 ml. with water. 

Reduce any ferric iron present lA-ith 2 drops of thioglj'colic acid, and 
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determine the center point reading (100 per cent transmission on the 
galvanometer scale). 

Add 1 ml. of 0.2 per cent a.a'-bipyridine reagent and mix. Read each 
tube in the colorimeter, using the respective center pomt reading obtained 
pre\dously. 

Calculate the amount of iron present by reference to a standard curve (5). 

To test the vahdity and reproducibility of the proposed method, de- 
terminations were made on several samples of market milk, raw milk, 
and evaporated milk. A few typical data are given in Table I. 

Johnston (7) recently made an extensive study of the iron content of 
market milks, using the tliiocjmnate method of Stugart (8), and found the 
values to range from 0.114 to 0.650 mg. per kilo of milk. Although the 
values obtained in this investigation are higher than those obtained by 
Johnston, they do fall within the range reported by other workers (9-11). 

SUMMARY 

A modification of the bipyridine method which requires no ashing is 
proposed for the determination of iron in milk. Iron values obtained by 
this procedure range from 0.490 to 0.570 mg. per kilo of raw or market 
milk. 
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NOTE CONCERNING THE RE'STERSIBLE INACTR^ATION 
OF PROLAN 

Bt fritz bischoff 

(From the Chemical Laboratory, Santa Barbara Cottage Hospital Research Institute, 

Santa Barbara) 

(Received for publication, January 2, 1945) 

The reversal by hydroquinone of the partial inactivation of chorionic 
gonadotropin at the temperature of boiling water has been studied by Bow- 
man and ourselves. We (1) have been unable to find the reactivation re- 
ported by Bowman (2) . The possibility, suggested by Fraenkel-Conrat (3) , 
that the degree of inactivation might account for the difference in results 
must be considered, although we also failed to confirm the degree of inacti- 
vation at the temperature of the water bath reported by Bouinan, and in 
this our results agreed with the data of three earlier reports. Moreover, we 
found that hydroquinone under the experimental conditions described 
causes partial inactivation of intact gonadotropin. Rimington and Row- 
lands (4) recently reported that the gonadotropin of pregnant mare serum, 
which was partially inactivated by heat, was not reactivated by hydroqui- 
none. The large percentage of recovery' (between 35 and 50 per cent) of 
active material after boiling half an hour as reported by Bomnan could only 
be reconciled uith the results of all other workers, who report less than 10 
per cent recoverj'', on the assumption that the inactivation is not of the 
first order. This possibility was tested (Table I, Experiment I) by com- 
paiing the inactivation of chorionic gonadotropin in a concentration of 25 
i.TJ.’ per cc. with 12-fold this concentration. Both preparations were 
placed in a boiling water bath and plunged into a cold water bath as soon as 
the temperature reached 100°. It required C5 seconds to cover the tempera- 
ture increment 70-100° and 17 seconds to cover the increment 100-60°. 
The results clearly show that concentration is without effect upon degree of 
inactivation and that onlj' 5 per cent of the original biologic activity sur- 
vives. The results of Experiments II and III show that to obtain a degree 
of inactivation comparable to that rcpoi ted by Boiman a temperature of 
inactivation below 65° is required. Attempts uere made to reactivate thi-- 
reaction product, which had suffered a 60 per cent loss in potency, with 
hydroquinone. The experimental conditions, with the exception of the 
temperature of inactivation, were exactly the same as previously descrilx'd 
(1). In each case hydroquinone produced a decrease rather than an in- 

’ This was the lowest concentration that could be used to assure an adequate 
concentration for the bioassay. 
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crease in potency. Finally, inactivation of chorionic gonadotropin in an 
atmosphere of nitrogen’ was compared under otherwise identical conditions 
with inactivation in an atmosphere of air. The results of Experiment 
indicate that the oxygen of the air does not enter into the inactivation, as 
has been assumed (2). 


sraiMARY 

1. A 12-fold increase in concentration of hormone was without iafluence 
upon the e.\tremely rapid inactivation of chorionic gonadotropin at the 


Table I 

Trcalmcnl of Chorionic Gonadotropin (.Prolan) with Bydroquinone after 
Heat Treatment 


j 

Expcri- 
cjeot , 
No, ! 

Treatment of prolan 

Bose 

Uterine* 
weight, mean 
and standard 
deviation of 
mean 

Recov- 

cry 

of 

percent 
oeviadon 
19 of 20 
tiaes 




wg. 

Percml 


I 1 

Control 

0.01 

29±4 


±1.3 


82 see. at TO-lOO-fiO”, 25 i.u. per cc. 

0.20 

28 ±6 i 

5 


Control 

0.01 

28 ±5 


±1.4 

i 

82 sec. at 70-10O-C0'’, 300 i.xT. per cc. 

0.20 

31 ±7 

5.6 

II i 

Control 

0.01 

26 ±3 



1 

5 min. at 64.2° 

0.05 

65 ± 9 

1 42 


5 “ " 61.2°, bydroquinone 30 min.; 

0.05 

39 ±6 

30 

£8 


dilution, immediate administration 

1 




III 

Control 

i 0.02 

1 03±7 


rbS 


30 min. at 03.1° 

0.075 

95 ±9 

38 


10 “ “ 63.1°, bydroquinone 30 min.; 

0.075 

65 ±9 

27 

iS 


dilution, immediate administration 





IV 

Control 

0.02 

4r±7 


±12 

±12 


7 min. at 63.6°, air 

0.04 

56 ±6 

56 


7 “ “ 63.5°, nitrogen 

0.04 

50±S 

53 


• The bioassay was pertormed in exactly the same manner as described in the 
earlier publication (1). 


temperature of the boiling water bath, indicating that the reaction was 
denaturation, not an oxidation. . 

2. A product w’hich was inactivated to the e.xtent of 60 per ^ ° 
original activity by heating in a bath at C3-M° was not reactiva 7 

raent with bydroquinone. The rate of inactivation at 63 ^ 

decreased wiien performed in an atmosphere of nitrogen. 

* Equilibration was performed in a closed system fitted with a attain th® 

control tube and tube containing nitrogen were placed in ® ® 

same temperature before being heated in the thermostat at 3. 
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3. The possibility that the degi’ee of inactivation is a factor in the re- 
ported reversal by hydroqtiinone on partially heat-inactivated chorionic 
gonadotropin was not substantiated. 
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ON THE COLORIMETEIC DETERMINATION OF CREATININE 
BY THE JAFFE REACTION* 

Bt hoy W. BONSNES and hertha h. taussky 

(from the Department of Obstetrics and Gynecology, Cornell University Medical College 
and the New York Hospital, New York) 

(Received for publication, February S, 1945) 

Creatinine has been determined colorimetricall}' by the Jaffe reaction 
(1) for many years. Yet there are no published data which indicate why 
the particular concentrations of reagents are used. Folin (2) in the first 
paper which describes the determination of creatinine in urine by this 
reaction simply states; “Als Resultat Auelfacher Untersuchungen bezuglich 
der Reaktion des Kreatinins mit alkalischer Pikrinsaurelosung hat sich 
folgendes ergeben . . and Shaffer (3) similarly states, “As a result of 
several hundreds of determinations under different conditions we con- 
cluded that the optimum conditions are . . .” No further details are given 
in either instance. Nor does subsequent work indicate what trend might 
be expected in the color developed if the concentration of picric acid or 
alkali, the volume, etc., are altered. The following experiments were 
undertaken, therefore, to obtain such information vith particular reference 
to the determination of creatinine in very dilute solution. 

EXPERIMENTAL 

The color densities were measured throughout uith a IClett-Summerson 
photoelectric colorimeter (4). Filter 54 obtained with the instrument was 
used. By actual measurement in a Beckman spectrophotometer (5) 
tliis filter exhibits a maximum absorption at about 525 mp. This is 
about the best wave-length at which to measure this color since picric 
acid absorbs strongly above 510 mp and the color due to creatinine does 
not absorb much light above 540 rap. 

The concentrations of creatinine used were such that the readings ob- 
tained would fall -vvithin the most sensitive range of the photoelectric 
colorimeter. The volumes of the sample of the creatim'ne solution and 
the reagents were selected arbitrarily so that the determination could be 
carried out in a Klett-Summerson colorimeter tube or in P^Tex or other 
test-tubes which could be adapted to the instrument, and so that ordi- 
nary volumetric transfer pipettes may be used. 

The standard creatinine solutions were prepared fresh daily by the 

* This study was aided by a grant from the John and Maiy R. Marklc Foundation. 
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proper dilution of a stock standard containing 0.5 mg. of creatinine per nd 
of 0.1 M HCl. 

The picric acid solutions were prepared by diluting the saturated stock 
solution. These dilutions were earned out at 25° ± 1 °. 

The sodium hydroxide was similarly prepared by diluting a 50 per cent 
solution by weight to either 10 or 20 per cent. These solutions were then 
diluted to the desired strengtii. 

Effect of Varying Conceniralions of Picric Acid and Sodium Hydroxide 
upon Color Developed — The first experiments were carried out at a constant 



Fig. 1 , Color developed with 20 y of creatinine as a function of the concentration o 
sodium hydroxide added at the following concentrations of 2 ml. of picric acid. Line 
1, saturated picric acid; Lines 2, 3, and 4, one-half, one-third, and one-fifth satura e 
picric acid respectively; Line 5, average of values. 

creatinine concentration as follows: 2 ml. of the picric acid solution and 
1 ml. of the sodium hydroxide solution to be studied were added to 2 ni . o 
a solution containing 20 7 of creatinine. The mbrture was allone 0 
stand until the maximum color had developed. A blank detemuna m 
in which water was used in place of the creatinine solution was prejB! 
simultaneously in all cases. The color developed in both the stan ar 
solution and in the reagent blank was determined. The zero Mjus me 
of the colorimeter was made uith a tube containing distilled v a en 
The total color developed uith different concentrations of 
at a constant creatinine concentration is plotted in Fig. 1 ^ 
of the concentration of the 1 ml. of sodium hydroxide added. ® 
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obtained (as read with the colorimeter adjusted to zero vnih distilled water) 
mth 2 ml. of saturated picric acid is described by Line 1. Similarly, the 
color obtained wth 2 ml. of one-half saturated picric acid is shown by 
Line 2; that with 2 ml. of one-third saturated picric acid by Line 3; and 
that with 2 ml. of one-fifth saturated picric acid by Line 4. These data 
seem to indicate that the color is a function of both the concentration of 
the picric acid and of the alkali. However, if the values obtained at the 
same concentration of creatinine and of added alkali but at different con- 
centrations of picric acid are corrected for their own reagent blanks, the 
resulting values are essentially identical. The values so obtained in these 



Fig. 2. Total color developed with 30 -y of creatinine as a function of the picric acid 
concentration. Total volume 5 ml.; 1 ml. of 3 per cent sodium hydroxide used in all 
cases. 

experiments have been averaged and are plotted as Line 5 in Fig. 1. The 
vertical lines indicate the range of values. 

These data illustrate that the color obtained in the Jaffe reaction is 
independent of the concentration of picric acid, at least over a fairly wide 
range, and that it is dependent upon the concentration of the alkali 
employed. It is also apparent that as the concentration of the sodium 
hydroxide is increased the fraction of the total color attributable to cre- 
atinine is decreased, until at the higher concentrations of alkali nearly all 
the color is from the reagent blank. 

Additional data are presented in Fig. 2 which show that the total color 
minus the reagent blank is independent, over a wide range, of the picric 
acid concentration at a constant alkali concentration. Since this graph 
includes data from experiments in which 3 ml. of creatiiune solution and 
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1 ml. of picric acid were used as well as data from the experiments in which 

2 ml. of picric acid w’ere used, the picric acid concentrations are expressed 
in terms of moles of picric acid. 

Rate of Color Dcvclopmcnl — ^The rate at which the color develops is 
inversely proportional to the concentration of both the picric acid and the 
sodium hydroxide; this is shown in Fig. 3. 

Proporiionality of Color Developed to Concentration of Creatinine— The 
relationship between the color developed and the concentration of cre- 
atinine was studied with several different concentrations of picric add 
and alkali. As could be predicted from the previous data, the maximuin 
color was obtained with 1 per cent alkali at all concentrations of creatinine. 



Fig. 3. The rate of color development ns a function of the concentration ^ 
sodium hydroxide added. 20 t of creatinine. Line 1, saturated picric acid adde , 
Line 2, one-third saturated picric acid added; Line 3, one-fifth saturated picric aci 
added. 

Progressively less color was also obtained at all concentiations of creatinine 
as more concentrated alkali was used. These data are shotrn in Fig- 
where Lines 1, 2, 3, and 4 were drawn to act as visual guides to the a a 
obtained at 10 to 50 7 of creatinine when the alkali concentration (in e 
1 ml. of sodium hj'droxide added) was 1 , 2, 3, and 4 per cent resp^hte ) • 
The concentration of picric acid used again seems to make little dt ertmee, 
although we have not studied this factor at all concentrations o ' • 
However, the data indicated by Line 3 are the average ^ults 0 ain 
in experiments in which 1 ml. of five different concentrations^ (sa ’ 
one-half, one-third, one-fifth, and one-tenth saturated) of picnc aci 

It is also apparent from these data that the color developed not p 
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portional to the concentration of creatiiune when the total volume is 5 ml. 
To substantiate this qualitative observation we have calculated the ap- 
proximate molar extinction coefficients from the mean colorimeter readings 
obtained at creatinine concentrations of from 1 to 10 and at 20, 30, 40, 
and 50 y per 5 ml. wth the creatinine method to be described below. These 
molar extinction coefiicients are shown in Table I. The Lambert-Beer 
law seems to apply at creatinine concentrations below 10 y per 5 ml. (Fig. 4) . 



Fig. 4. Color developed aa a {unction of the creatinine concentration. I/ines 1, 
2, 3, and 4 show color obtained with 1,2,3, and 4 per cent NaOH, respectively ; Lines 
5 and 6, result of diluting solutions from Line 3 to 2 and 5 times their original volumes 
with water; Line 7, the Folin-Wu method. 

Above this concentration, however, the calculated extinction coefficients 
show a gradual decrease. The Lambert-Beer law, therefore, does not 
apply at these concentrations. 

However, the proportionality between the color and the concentration 
can seemingly be improved by diluting the reaction mixture after the color 
has developed or by allowing the color to develop in a more dilute solution. 
For example, if the solution obtained in the creatinine method described 
below is diluted with an equal voluihe of water (.i.e., to a total volume of 
10 ml.), the proportionality is improved somewhat. The color developed 
before dilution, in terms of colorimeter readings, is about the same as that 
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indicated by Line 3, Fig. 4. The coloruneter readings obtained after the 
solution is diluted \\ith an equal volume of water are indicated by Line 5. 
If this reaction mixture is diluted still further to a total volume of 25 ml., 
the apparent proportionality is still better (Line 6) and the calculated 
molar extinction coefficients are approximately constant (Table I). 

Table I 

Molar Extinction Coefficients {Approximate)* 


Creatinine 
per liter 


y miCTOmotts 

1 1.8 

2 3.6 

3 5.3 

4 7.1 

5 8.9 

6 10.6 

7 12.4 

8 14.2 

9 16.9 

10 17.7t 

20 35.4 

30 53.1 

40 70.8 

50 88.5 

* The colorimeter reading on the Klett-Summerson instrument multiplied by 2 
X 10“’ gives a value which approximates D = (2 — log G). If one assumes t a e 
cylindrical tube used in this instrument is approximately equivalent to a 
thickness of 1 cm., D becomes approximately equal to the extinction, or mo 
properly k', where the prime indicates the inclusion of unknown correction 
This k' divided by the concentration of creatinine in micromoles per i er i 
approximate molar extinction coefficient described. • j j k • fi for the 

t This and the subsequent figures in this column must be divided } 

Folin method. 

Also, when the color is allowed to develop in a more dilute solution, ® 

in the Folin-Wu method for blood (6), the proportionaUty between 

color and the concentration is good (Line 7, Fig. 4) and the mo ar ex m 
coefficients are approximately constant (Table I). It is, 
mediately apparent that there is a decrease in both total color an 

tivity when the Lambert-Beer law seems to apply. _ • n 7 tei Urine 

Application to Determination of Creatinine and Creatine in i “ 
and in Blood Filtrates — We have selected for our own use jj^ated 

the many possibilities indicated above. The reasons w c 


Molar extinction coefficients, X 10* 



Creatinine 
per volume 
analyzed 
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• 

this particular selection are presented in the discussion. The values 
obtained by this procedure have been compared with the values 
obtained by the Folin methods for the determination of creatinine in 
urine (7) and in blood filtrates (6).* 

The procedure employed by us follows: 3 ml. of the unknown solution 
(diluted urine or blood filtrate) containing up to 50 7 of creatinine are 
used. To this solution is added 1 ml. of O.Od M picric acid followed by 1 ml. 
of standardized 0.75 n (3 per cent) sodium hydroxide. The color is allowed 
to develop for 15 minutes. It is stable for at least another 30 minutes. 
The creatinine content of the solution is calculated from a standard curve 
obtained by averaging the results obtained in six different experiments 
at 1 to 10 and at 20, 30, 40, and 50 7 of creatinine. 

Added creatinine may be recovered quantitatively from the urine. Some 
t5’^pical results are shown in Table II. 

Tabi-e II 


Rccoi-ery of Added Crealininc from Uriric 


Creatinine added 

• Creatinine found 

Cteatinlnc recovered 

7 

r 

1 (ent 

0 

9.5 

1 

3 

14.4 

98 

10 

19.8 

103 

20 

29.7 1 

101 

30 

40.0 1 

102 


In a series of thirty urines analyzed for creatinine by this procedure 
the average deviation from the values obtained by the Folin method (7) 
was —0.4 per cent, with a maximum range of ±10 per cent. However, 
the majoritj^ of the determinations deviated less than ±5 per cent from 
the value obtained with the Folin method. 

Ten whole blood filtrates from patients who might be c.vpected to have 
normal blood creatinine levels were analyzed by both methods. These 
bloods contained an average of 1 .5 mg. per cent (range 1.4 to 1.7) of creati- 
nine by the Folin method and 1.4 mg, per cent (range 1.2 to 1.5) by the 
procedure described above. 

Creatine is 80 per cent converted to creatinine at these concentrations 
by heating the creatine'Containing solution with picric acid in a boiling 
water bath for 45 minutes. This percentage conversion is of the same order 
of magnitude as that obtained in the Folin autoclave method. These 
observations confirm those of Albanese and Wangerin (8) who found that- 

' The color density in both these methods was measured with the photo- 
electric colorimeter. Standard curves were also used in both instances. 
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creatine is not converted quantitatively to creatinine by the Folin auto- 
clave method. 

The percentage conversion is fairly constant and reaches a maximuin 
value at about 80 per cent conversion when creatine is heated with picric 
acid in a boiling water bath, as described below. No creatinine is de- 
stroyed by this procedure. It seems, therefore, that for many purposes 
the procedure described below might serve as a method for the determina- 
tion of creatine in dilute solution in that the procedure does not require an 
autoclave and requires no attention if a constant level water bath Ls a- 
vailable. 

Creatine in urine is determined by the procedure described above for 
creatinine after heating 3 ml. of the creatine-containing solution with 1 ml. 
of 0.04 M picric acid in an nnstoppered tube graduated at 5 ml. for 45 
minutes in a vigorously boiling water bath.“ After the solution has cooled 
to room temperature, 1 ml. of alkali is added. The volume is then adjusted 
to 5 ml. with water. To calculate creatine as creatinine the value ob- 
tained bj' difference in the usual manner is multiplied by 1.25. The values 
for total creatim'ne obtained by this method upon diluted urine we/e 
essentially the same as those obtained by the Folin autoclave method. 
If a quantitative conversion is required, the method described by Peters 
(9) might be applied, or the method described by Benedict (10) can be 
used before the urine is diluted. These procedures, however, have not 
been extensively studied by us. No attempt has been made to determine 
creatine in blood filtrates. 

It appears, therefore, that the method described above for the determina- 
tion of creatinine and creatine jdelHs essentially the same values for cre- 
atinine and creatine in diluted urine and for creatinine in blood filtrates 
as do the Folin methods cited for the determination of these substances. 
This method has now been in use in our laboratory for the past seve 
months for the routine determination of creatinine. 

DISCUSSION 

The ideal conditions for the determination of any substance by a colw 
imetric procedure are those which yield a color which is direct y p 
portional to the concentration of the substance to be determme • 
data presented above indicate that this ideal cannot be reache wi 
particular reaction regardless of the conditions chosen. Howevw,^ ^ 
mav approximate this ideal condition over the range of . v pj. 

of creatinine if procedures such as are described above (t.e. “ 

the Folin blood method is used. But, it is doubtful W'het er 

*1116 water bath must be boiling vigorously. 
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the reaction mixture actually improves the proportionality. For when 
these reaction mixtures are diluted 5 times Avith Avater, the slope of the 
line describing the color as a function of the creatinine concentration is 
decreased to such an extent that the variations Avhich occur probably fall 
AAithin the resolving poAA’cr of the instrument, since the measurements are 
made, perforce, at a constant solution thickness. So Avhat appears to be 
an improvement in proportionality may be merely an artifact. Further- 
more, AA'hen such procedures are folloAved, there is a great loss in sensitivity. 
For instance, Avhen the Folin method is used, a difference of 40 y of cre- 
atinine results in a change of 31 scale diAosions or 0.78 scale diAOsion per 
microgram. On the other hand, AA’hen the procedure described herein 
is used (assAuning a linear relationship), a similar change in creatinine con- 
centration results in a change in 161 scale divisions or approximately 4.0 
scale divisions per microgram. It Avould appear, therefore, that if urines 
are diluted sufficiently so that the creatinine can be determined by the 
Folin blood method, as suggested by Peters (9), the low sensitivity of the 
method might lead to a relatively large error in the result. HoAvever, 
AA’hen blood filtrates are analyzed, one must choose between a method with 
a low sensitivity or a procedure Avhich has greater sensitiA’ity but which 
gives loAA’er colorimeter readings.’ 

The assumption which has been made above that a linear relationship 
holds in the method described is obAdously fallacious. However, it is of 
interest to calculate the actual percentage error Avhich results if this as- 
sumption is made. For these calculations the mean values obtained at 
10, 20, 30, 40, and 50 7 of creatinine are compared Avith the values obtained 
from the best strmght line Avhich fits the data as calculated by the method 
of least squares. The values which are obtained from the straight line 
are then 6 per cent high at 10 7, 2 per cent Ioav at 20 7, 1.5 per cent low at 
30 7, 1.1 per cent low at 40 7, and 1.4 per cent high at 50 7. If the mean 
values are compared Avith the values obtained from the best straight line 
Avhich fits the data betAveen 10 and 40 7, the values obtained from Ihe 
straight line are 2 per cent lugh at 10 7, 2 j)er cent Ioav at 20 7, 0.75 per cent 
low at 30 7, and 0.58 per cent high at 40 7. It is possible, therefore, to use 
a formula to calculate the creatinine concentration Avithout introducing 
a very great error, even though a linear relationship is not found to exist. 

’ Similar results have been obtained when the Evelyn photoelectric colorimeter 
(11) has been used. To use this colorimeter all A’olumes are doubled. Filter 520 is 
used at Aperture 6. 

‘ The mean values, the equations, and the formulas which may be derived from 
them are not presented because they are relative and not absolute values. It is not 
expected that identical numerical results can be obtained by others because of the 
variations which exist in filters. 



590 


DETEHMINATION OP CREATININE 


Hoivever, one must be cognizant of the fact that errors are involved in 
such a procedure. 

The particular method ivhich we have outlined above was selected 
because it fits in best with our present analytical routines. The 0.04 m 
picric acid and the 0.75 n (3 per cent) alkali are used because the color 
develops sufficiently rapidly at these concentrations of picric acid and 
alkali and the blank color is stiU at a minimum. At the concentration of 
alkali at which the maximum color develops the rate of color development 
is too slow even with saturated picric acid for our purposes. 

It is possible that at the concentration of alkali used more color may 
be produced from non-creatinine substances such as glucose than at 
lower concentrations of alkali. We have tested this point experimentally 
with respect to glucose. The color remains constant for 30 minutes after 
the maximum color has been attained with Folin-Wu blood filtrates and 
in urines to which 1 per cent glucose has been added. There may be 
an increase in color after 40 minutes. There is no difference in the cre- 
atinine values obtained in urine before and after the addition of glucose. 
The presence of glucose, therefore, does not seem to interfere with the 
determination. 

Many questions concerning the mccham'sm of the Jaffe reaction are 
raised by the data. We feel, however, that there is no justification for a 
discussion of these points until more data are available. 

SURiaURV 

The effect of varying the concentration of picric acid and of alkali upon 
the color formed in the Jaffe reaction used for the determination of crea 
inine has been studied in solutions which contain 1 to 50 7 creatinine per 
5 ml. The amount of colored creatinine compound iormed as measure 
by the color developed is independent of the concentration of the pjcnc 
acid added above a low limiting concentration of picric acid. The 
of colored creatinine compound fonned is greatest at low concentra 10 
of alkali and progressively decreases as the concentration of al 'a 1 is 
creased. The rate at which the color develops is inversely ° , 

to the concentration of both the picric acid and the sodium J 

The color formed is not directly proportional to the concen 
creatinine except at very low concentrations in the 5 ml. of so u 
ployed. By diluting this solution the linearity seems to improve, 
apparent improvement, however, is considered an artifact. 

A procedure for the determination of creatinine in blood ra 
diluted urine is described which is based upon the data obtaine 
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This paper deals ivith the hydrolysis of gramicidin by acid and the rate 
of appearance of various structures released by the rupture of linkages, 
including total amino nitrogen, periodate-labile amino nitrogen, a-amino 
nitrogen, and alanine, and of the carboxyl group of leucine, and of valine 
and tryptophane utilizable by Laclohacillus arahinosus. The purpose of the 
study is to provide further inf onnation n'hich may assist in determining the 
specific linkages of the constituent amino acids of the molecule. At the 
same time gramiddin offers a relatively simple test material for the study 
of various techniques for follouing the course of proteolytic hydrolysis. 

Methods 

Hydrolysis hy Boiling Acid — Gramicidin* was dissolved at a concentration 
of 10 mg. per ml. in glacial acetic acid (previously refluxed with potassium 
dichromate and redistilled) . An equal volume of 6 n hydrochloric acid was 
added, and refluxing begun under a carbon dioxide atmosphere by lowering 
the flask into a bath of Wood’s metal. Another volume of 6 n hydrochloric 
acid was added at a constant rate during the first 10 minutes of hydrolysis. 
At intervals during the subsequent hydrolysis, aliquots were removed with- 
out interruption of boiling or admission of air. These aliquots were at once 
evaporated to dryness in vacuo at 30° and dissolved in water for the analyses. 

Hydrolysis at 37° — 200 mg. of gramicidin were dissolved in 1 ml. of glacial 
acetic acid, and 1 ml. of 10 N hydrochloric acid was added. This solution 
was left for 10 days, at 37°, sealed in a ^ass ampul with a carbon dioxide 
atmosphere. The solution was then taken to dryness at low temperature 
and dissolved in water for analysis. 

“Complete” Hydrolysis — ^The hydrolysis was carried out with the 1 ;2 mix- 
ture of acetic acid and 6 n hydrochloric acid in a sealed tube at 1 10° for from 
46 to 48 hours to provide the standard for “complete” h 3 ’-drolysis. 

a-Amino nitrogen was determined by the procedure of Hamilton and Yan 
Slyke (1) with the reaction with ninhydrin at pH 2.5. The solution used 
for absorbing the carbon diomde contained hydrazine in addition to sodium 
chloride (2). The factors given by Van Slyke, Dillon, MacFadyen, and 
Hamilton (3) were used for calculating the results. 

’ Gramicidin has been isoiafeci from tyrothricin supplied by Dr. I.eo Wallcrstein 
of the Wallerstein Company, Inc. 
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Amino nitrogoi ivas determined by the manometric Van Slyke procedure 
(4). These determinations were also performed upon samples of hydroly- 
sates which had been exposed to the action of periodate in dilute sodium 
hydroxide, the excess periodate being destroyed udth glucose and the 
ammonia released being removed in vacuo prior to analj's'is. 

Alanine was determined bj' measuring the acetaldehyde released by the 
action of ninhydrin according to the method of Alexander and Seligman • 
In this method, the acetaldehyde is removed by aeration of the boiling solu- 
tion, and measured bj' the color gdven noth p-hydroxydiphenyl. Alexander 
has found that benzoj'lalanine and alanylglycine do not respond to this 
determination. Both the amino group and the carboxyl group are assumed 
to be required in the free state for acetaldehyde formation. The precision 
of these results was within 5 per cent of the values found. 

Release of Carboxyl Group of d(—)-Lciicinc — Since only f(-f)-leucine is 
appreciably active in stimulating the growth of Lactobacillus arabinosus un- 
der the conditions of the assay's (5), it was necessaiy to racemize the samples 
prior to assay. This was done by treating aliquots of the hydrolysates u’ith 
acetic anhy'dride for 48 hours according to the procedure of du ^gneaud 
and Meyer (6) for racemizing amino acids. After removal of the water, 
acetic acid, and acetic anhydride in vacuo, the products were hydrolyzed for 
24 hours by' G n hydrochloric acid at 115°. Aliquots were assayed for !(+)- 
leucine by use of Lactobacillus arabinosus according to the procedure of 
Hegsted (7).’ The reproducibility' of these assays was within 10 per cent. 
Available evidence indicates that in addition to free leucine, any peptide 
leucine having its carboxy'l group free would be racemized by this procedure 
(9) and hence produce a growth response due to the f(-|-)-leucine formed- 
l{+)-Valinc and l(,-\-)-tryptophane were also determined by' the method 
of Hegsted (7)’ by means of the growth response of Lactobacillus 
arabinosus. Each sample was assayed at four or five levels. The nepbel^ 
metric readings at approximately 24 hours in most cases were used as t e 
basis for measurement. Readings taken after other intervals and measure 
ment of acid production gave concordant results. The rates of release 
of tryptophane and valine into forms available to the organism were de er 
mined in tw'o or more separate hydrolyses. . - i • i 

Destruction of Free Valine vnth Chloramine-T — The nu'crobio ogica 
assays may be assumed to measure both the free amino acid 
acids contained in certain peptides. Although the composition o e pe 


5 Alc-xander, B., and Seligman, A. M., unpublished work. described. 

1 Glycine, 0.5 mg. per tube, was added to the basal medium previou ^ ^ 

It may be noted that the values obtained for valine, leucine, and ob- 

complete hydrolysis are in substantial agreement with values in t e 
tained by other methods (see Hotchkiss (8)). 
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tides that meet the nutritional requirements of Laclohaciilus arabinosus 
for the various amino acids is unknomi, the total of these is determinable 
by assay before and after free amino acids have been destroyed. Since both 
a free amino and a free carboxyl group appear to be required for the destruc- 
tion of an amino acid by chloramine-T, most peptides should be stable to 
this reagent (3). 

Chloramine-T was added in large excess to the above gramicidin hydroly- 
sates which were buffered ivith phosphate at about pH 7.0. After 3 
hours of incubation at 37°, residual chloramine-T was destroyed by adding 
an excess of glycine. The solutions were extracted three times with ether, 
taken to dryness in vacuo, and dissolved in water for microbiological assay. 
The fraction of the valine activity destroyed by chloramine-T is assumed to 
represent free i(-h)-vaUne. 

Samples of l(-h)-valine and i(-l-)-leucme treated with chloramine-T 
under these conditions were 'destroyed quantitatively without producing 
any materials that interfered with the valine or leucine assays. 

Results 

Table I summarizes the results of experiments in which hydrolysis was 
effected by boiling acid. 

The determination of amino nitrogen and a-amino nitrogen on the 
same hydrolysates provides standards for the over-all course of the hydroly- 
sis, which may be used in three ways. 

1. The measurement prorided by the amino nitrogen determinations 
of the rate of splitting of all peptide links considered collectively furnishes 
a standard ivith which to compare the rates of splitting of peptide links of 
special categories as obtained by two other procedures: (a) the determina- 
tion of racemizable leucine which is presumed to have measured the rate 
of splitting of links to which d(~-)-leucine contributes its carboxyl group; 
(6) the determination of periodate-labile amino nitrogen which probably 
measured the cleavage of links to which the periodate-labile residue con- 
tributes an amino group. Nicolet and Shinn (10) found that substitution 
of a hydrogen atom of the amino group of serine by an acetyl group almost 
completely prevented attack by periodate. The rates at which these 
special peptide links are broken may be compared with the rate at which 
all of the links are split, as shown by amino nitrogen determinations. 

2. The a-amino nitrogen determinations measure the rate of release of 
free amino acids. These determinations furnish a standard udth which the 
rates of release of any a-amino acid can be- compared. 

^ 3. Comparison of the values found for amino nitrogen and for a-amino 
nitrogen for the same hydrolysates permits conclusions as to whether 
hj'drolysis produces apparently random proportions of all the possible 
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amino acids, dipeptides, tripeptides, and other polypeptides, or whether the 
hydrolysis tends to produce either amino acids or oligopeptides selectively. 
Whereas amino nitrogen determinations measure the extent of cleavage 
of peptide links, the a-amino nitrogen determination measures the occur- 
rence of splitting of pairs of contiguous links so as to release free amino 
acids (amino acids originally at terminal positions being disregarded). 
The probability of two consecutive links being split is the square of the 
probability of the cleavage of any single link. Hence if n is the fractional 


Table I 


Course of Hydrolysis of Gramicidin by Boiling Acid 
Values are per cent of the maximum reached by each analytical method in 46 (o 
48 hours. The per cent of gramicidin nitrogen in given forms at given times may be 
obtained by multiplying the percentages given in the table by the values at the foot 
of the respective columns. 
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0.803 



0.106 

0.077 

0.081 





‘Maximal values for free l(-l-)-valinc, based upon reduction in availab e 
valine produced by chloramine-T. , 

f l(-l-)-Leucine after raceraization and further hydrolysis. These va oes 
taken to measure the degree of release of the carboxyl group of d(— )-leucine. 


extent to which the average peptide link is split (i.c., the fraction o roa 
mal amino nitrogen attained), then n’ is the fraction of each ammo a 
which would be in the free state if splitting occurred at random pc 
Considering the last of these three points first, we find . 

are 0.065, 0.24, 0.42, 0.56, and 0.82 after 15, 30, 60, 120, and 360 mi 
of hydrolysis at the boiling temperature. Comparison o ese 
with the rate of release of a-amino adds indicates that somew la 
amino acid was present at most points than would be pre ic . 
amino nitrogen values. A moderate tendency was .shown or o i 
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to be formed in greater amounts and free amino acids in smaller amounts 
than the quantities predicted, assuming random cleavage. This disparity 
is greater if gramicidin contains any terminal amino acid residues. With 
the slow hydrolysis at 37° this tendency was stronger, a-amino acids being 
released to 11.4 per cent of the maximum. The amino nitrogen deter- 
minations indicated that half of the peptide linkages were broken. If 
cleavage occurred at random points, one would expect amino acids to be 
freed to the extent of 25 per cent. Thus at 37° cleavage took place at 
weak points to a relatively greater extent than at the boiling temperature. 
One can conclude that these weak points tend not to be adjacent in grami- 
cidin, or that cleavage of certain links inhibits the cleavage of adjacent 
links. 

The rate at which Z(-|-)-valine becomes available to Laclobacillus 
arabtnosiis deviated strikingly from the rate of release of the average amino 
acid. During the first 30 minutes 52 or 53 per cent of the maximum Z(+ )- 
valine became available; after this period the releasie became very sluggish. 
The yields of valylvaline isolated from gramicidin hydrolyzed for 2 and 6 
hours under similar conditions (11) roughly approximated the unavailable 
valine at these two stages of the hydrolysis. Assays of concentrates of 
valylvaline from the hydrolysates have indicated that valine in this dipep- 
tide is unavailable to the test organism. 

l(+)-Tryptophaue also became available to Laclobadllus arabinosus 
more rapidly than the average amino acid, although not so strikingly as in 
the case of Z(-l-)-valine. That substantial portions of these amino acids 
available to L. arabinosus were still in the combined form can be 
seen by adding the available Z(4-)-valiaie, the available Z(+)-trypto- 
phane, and the free alaiune. These sums during the early stages of the 
hydrolysis approach or exceed the a-amino nitrogen found. Thus at 15 
minutes the total of these three alone represents 9.8 per cent of the nitrogen 
of gramicidin, whereas only 9.5 per cent of the nitrogen was in the a-amino 
form. The l(-i-)-leucine in leucylglycine and in glycylleucine has been 
shown to be available to L. arabinosus (5, 12), That large quantities 
of valine-containing peptides active for L. arabinosus were formed 
was shoum by destroying the free amino acids in the various hydroly- 
sates ivith an excess of chloramine-T, Subsequent assay showed that 
about three-fourths of the l(-l-)-valine activity found after 15 and 30 
minutes of hydrolysis was due to compounds stable to chloramine-T. 
After 1 hour of hydrolysis 50 per cent, after 2 hours 40 per cent, and after 
6 hours 31 per cent of the Z(-k)-valine activity was stable to chloramine-T. 

There is one obstacle to the conclusion that the loss of Z(-f-)-vaIine 
activity produced by chloramine-T was due entirely to destruction of free 
I(+)-valine. Destruction of tryptophane in tryptophane-containing pep- 
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tides probably results from the action of this reagent. Thus valine con- 
tained in peptides which also contain tryptophane may be made unavail- 
able to Laclobadllus arabinosus because of modification of the indole group. 
Hence the results for chloraminc-T-Jabile 1(4- )-valine activity are maximal 
values for the free l(-t-)'valine, and ma}- include some peptide valine. This 
same consideration prevented the use of this reagent for the study of the 
state of tryptophane. Therefore, conclusions cannot be draum as to 
whether the tryptophane utilizable b3' Lactobacillus arabinosus includes 
combined tryptophane. The values found for valine labile to chloraminaT 
demonstrate a striking retardation of the release of i!(4-)-vaIine during 
lydrolj'sis at the boiling temperature. The results also indicate the major 
degree to which combined /(-f )-valine contributes to the Z(-4-)-valine avail- 
able to the test organism. 

When the hydrolysis was performed for 10 daj's at 37°, Z{4-)'Valine and 
/(-{-)-tiyptophane actixntics for Laclobacillits arabinosus' were respectively 
58 per cent and 10 per cent of the maximum. Of tliis large fraction of 
v'aline which had become available, practicallj' all was peptide valine; that 
is, stable to chloramine-T. This confirms Synge’s finding* that vei}' little 
free valine was formed under these conditions of hydrolj'sis. 

Alanine was found present in the free state throughout the intcn'ah 
studied, with hydrolj'sis with boih'ng acid, in proportions considerably in 
excess of the average amino acid, indicating a relative lability of the link- 
ages in which this amino acid is involved. This lability was even more 
apparent with hydrolysis at 37°, alanine being released in 10 daj's to the 
extent of 22 per cent (a-amino nitrogen, 11.4 per cent of the maximum). 
Thus both the relative stability of the linkages liolding /(-f )-valinc and t e 
lability of those holding alauinc were accentuated by performing t e 


hydrolysis at a lower temperature. , 

The rate at which f(4-)-leucine appeared under the procedure emploje , 
representing half of the d(— )-leucine in forms racemizable by acetic an 
hj'dride, was considerablj' slower during the 1st hour of hydrolysis 
rate of release of amino nitrogen, suggesting some lag in the splitting o _ 

peptide links in which carbo.xyl groups of leucine are involve . 
magnitude of the reduction of amino nitrogen produced by th^ a® 
periodate represented about 20 per cent of the m'trogen ^ « 

hydrolysis was complete. This fraction is more than twice 
between the amino nitrogen and the a-amino nitrogen, and more 
a.s great as the largest quantities of ammonia recovered from 
hydrolysates bj' the action of periodate. A mixture of alanine, 
tryptophane, valine, and glj'cine simulating the proportions m gr* 


* Synge, R. L. M-, personal communication. 
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gave a small reduction (about 2 per cent) in amino nitrogen when treated 
with periodate under the same conditions. 

Synge‘ observed that when the hydrolysis of gramicidin was first carried 
out for 10 days at 37° and then completed at 115°, the valine isolated had 
considerable optical activity, whereas with the usual hydrolysis by boiling 
acid, it had little or none. He suggested the possibility of a racemization 
involving both of the 2 contiguous valine molecules in gramicidin which 
could be avoided by the preliminary low temperature hydrolysis. If this 
were the case, one might be able to isolate an optically active form of valyl- 
valine after the low temperature hydrolysis. At Dr. Synge’s suggestion, 
an attempt was made to separate valylvaline from this hydrolysate. N one 
could be obtained. Whether further hydrolysis would release this fragment 
has not been determined. 

These results lend encouragement to the further attack upon the structure 
of gramicidin by the isolation of peptide fragments. The findings shpw that 
acid hydrolysis tends to produce oligopeptides selectively, and, further, the 
results indicate that certain linkages tend to be broken to a far greater 
e.xtent than others. Both of these factors favor the possibility of dis- 
covering the sequence of the anaino acids in the molecule by the study of 
fragments. The above data demonstrate the release of other unusually 
stable peptides of l(-f )-valine in addition to valylvaline, which, in contrast 
to valylvaline, serve as a source of I(+)-valine for Laciobacillus arabinosus. 
Synge^ reports that he has isolated from acid hydrolysates two other valine- 
containing peptides, J(-|-)-valylglycine and a tripeptide containing valine, 
leucine, and glycine. It is suggested that further interpretation of the 
foregoing data rvill be possible as more fragments arising from acid hydroly- 
sis are recognized and their stability to acid and nutritional value to Lacto- 
hacilliis arabinosus is determined. 

SUMMARY 

1. The hydrolysis of gramicidin by acetic acid-hydrochloric acid mixtures 
at the boiling temperature and at 37° has been studied by determinations 
of amino nitrogen, a-amino nitrogen, free alanine, leucine racemizable by 
acetic anhydride, and of l(-b)-valine and l(-f )-tryptophane available to 
Laciobacillus arabinosus. 

2. Comparison of the rates of release of amino nitrogen and a-amino 
nitrogen indicates that hydrolysis tended to produce more oligopeptides 
and less free amino acid than would result from cleavage at random points, 
especially when the hydrolysis occurred at 37°. 

3. J(+)-Valine appeared in forms available to Lactobacillus arabinosus 
much more rapidly than free amino acids in general were released. Much 
of this valine was in the form of peptides stable to chloramine-T, and, when 
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this stable fraction was deducted, the release of free K+)-valine was seen 
to be unusually slow, especially at 37° 

4. The release of tryptophane available to Laclobacillus arabinosus 
was somewhat more rapid than release of amino acids in general, except 
when hydrolysis occurred at 37°. 

5. The linkages in which alanine is involved showed a relative lability 
under both sets of conditions of hydrolysis. Linkages attributed to the 
carboxyl group of leucine showed a relative stability during hydrolysis 
at the boiling temperature. 
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THE DETERMINATION OF URIC ACID IN HUMAN BLOOD 
By HERMAN BROWN 

{Prom the Research Institute of Cutaneous Medicine, Philadelphia) 
(Received for publication, February 5, 1945) 

Three factors have contributed to the uncertainty of the results of blood 
uric acid determinations by "direct” colorimetric procedures: (o) lack of 
proportionality between color intensity and uric acid content, (b) low re- 
coveries of uric acid added directly to tungstic acid filtrates, and (c) lack 
of sufficient specificity. 

Over 18 years ago the author indicated that better proportionality be- 
tween color development and uric acid content could be attained if the 
reaction proceeded at room rather than at elevated temperatures (1). 
Subsequent modifications (2-4) have embodied this feature but true pro- 
portionality wa.s, of course, not realized and the device of using correction 
factors or several comparison standards has been found necessary. More 
disturbing is the fact that quantitative recoveries of uric acid added directly 
to tungstic acid filtrates are not obtained with existing direct methods. 
Using the Blauch and Koch procedure (4), Bulger and Johns were able to 
recover only about half the added uric acid (5) and in our own hands 
neither it nor the Broma (1) or Folin (2) modification has yielded more 
than 82 per cent recoveries. Obviously substances present in tungstic acid 
blood filtrates inhibit color production under the conditions of the present 
direct methods and it is clear that, were it not for the additive effect of 
non-specific color formation, all uric acid values would be much lower than 
have been reported. 

Attempts to overcome these discrepancies, which limit the usefulness of 
the method even for routine work, while at the same time retaining the 
simplicity of the direct procedure, have led to the development of conditions 
permitting recovery of about 95 per cent of reasonable amounts of uric acid 
added directly to tungstic acid filtrates of human blood, improved specificity, 
and a phosphotungstic acid reagent yielding relativelj’’ low blanks. 

Solutions — 

Standard uric acid. The stock 0 . 1 per cent solution of Koch (6) was Used . 
It keeps about a year. From it standards for use were prepared by simple 
dilution with water. In the cold, such water dilutions keep about 1 week; 
however, for intermittent use they are best prepared fresh. A 1:400 
dilution gives a working standard equivalent to 2.5 mg. per 100 cc. of uric 
acid when equal volumes of a 1:10 tungstic acid filtrate and standard 
are used. 
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Urea. 60 gm. are dissolved in sufficient water to make 100 cc. The 
solution keeps well at room temperature. 

Sodivm cyanide, 12 per e’ent solution. In the cold it remains usable for 
about 2 weeks.^ It should be brought to room temperature by immersion 
in warm water for a few minutes before use. 

Uric add reagent. 100 gm. of sodium tungstate and 20 gm. of anhydrous 
disodium hydrogen phosphate in a liter volumetric flask are dissolved with 
the aid of heat in about 150 cc. of water. Mix 25 cc. of sulfuric acid (sp. 
gr. 1.81) with about 75 cc. of water and pour the warm solution, slowly and 
with continual shaking, into the flask. Boil gently for 1 hour, using as a 
condenser a funnel holding a 200 cc. Erlenmej’er flask partly tilled with ice 
water. Cool under running tap water and dilute to the mark with distilled 
water. The heated solution acquires a light greenish yellow tint which is 
considerably reduced on cooling and largely disappears as the result of 
dilution; boiling with bromine water to decolorize is unnecessarj'. 

Procedure 

To 2 cc. of a 1 : 10 tungstic acid filtrate in a 10 cc. mixing cylinder or » 
IClett-Summerson test-tube graduated at 10 cc. are added 2 cc. each of the 
cyanide and urea solutions, foUow’ed by 1 cc. of the phosphotungstic acid 
reagent; mix after each addition by sidewise shaking. After standing 50 
minutes at room temperature, dilute to the mark, mix, and compare m » 
colorimeter against 2 cc. of a uric acid standard similarly treated. 

For visual colorimetry, if comparison is made against » standard equiva- 
lent to 2.5 mg. per cent it is simpler to set the nnknowD at 25; then one- 
tenth the reading of the standard is the uric acid content of the origins 
blood.- 

For photoelectric colorimetry both standard and unknoivn readings arc 
corrected by subtracting the reading of a “blank” prepared from ° 
water treated exactly as the unknowm or standard. In this work ® 
Summerson instrument wws used with green Filter 54 and a distille wa r 
“zero” setting. With a 2.5 mg. per cent standard 2 . 5 /(reading o s an 

• Variation in color-enhancing properties of different lots of 

mentioned by various workers. Less attention seems to have been pai o ^ 

of keeping qualities of urea-cyanide mixtures. Such mixtures 

even in the cold; blank values increase appreciably after about 3 

reason Blauoh and Koch (4) use freshly prepared solutions; in t e pre 

the urea and cyanide solutions are added separately . c^ipac- 

* For uric acid values over 3.5 mg. per cent, or for instruments “vi aiulti- 

ity cups, the unknown is set at 12.6; the standard reading is then, < 

plied by 0.2. 
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ard) (= factoi^) X reading of unknown = uric acid content of original 
blood. 


EXPERIMENTAL 

Preliminary tests indicated that improved reco%'’eries of uric acid added 
to tungstic acid filtrates as well as better proportionality between uric acid 
content and color intensity could be obtained by decreasing the amount of 
uric acid and increasing the cyanide content (within certain limits) of the 
final reaction mixture. An added advantage that accrues under such 
conditions is that the time for maximum color development is thereby 
substantially reduced. But the already excessive blanks yielded by current 
phosphotimgstic acid reagents are increased with increasing cyanide con- 
centrations and a search was first made for a method of preparation that 
might produce a reagent free from this defect. 

The principal change that has been made by various investigators in the 
original Polin-Denis reagent (7) has consisted, in the main, of successive 
reductions in its phosphoric acid content (4, 2, 8) but not much reduction 
in the blank value has thereby been realized except with the nevrer Folin 
reagent (8) which requires careful adjustment of its sodium tungstate con- 
tent each time it is prepared. The phosphoric acid content of this reagent 
is less than half that of the oinginal one of Folin and Denis but a considera- 
tion of Wu’s work (9) indicates that a chromophorically active preparation 
should be possible with much less phosphoric acid. 

When an aqueous solution of sodium tungstate and disodium hydrogen 
phosphate is heated with mineral acid, with the proportions suggested by 
Bailar (10) for the preparation of HrPfWzOyje-XHjO, a heavy white solid 
separates from the cooled reaction mixture. This does not react with uric 
acid; the filtrate, however, is active and it was found that an increase in the 
amount of phosphate produced less of the white solid with a filtrate having 
a greater chromophoric effect. By varying the phosphate and mineral 
acid content more than twenty different reagents were prepared and tested 
to determine the proportions that would yield maximum color with uric 
acid without a marked increase in blank values. The amounts that 
seemed to meet these criteria best contain just sufficient sulfuric acid to 
change all the tungstate and phosphate to free acids, with no precipitate of 

’ This factor is constant up to 6 mg, per cent (equivalent to 12 7 in 2 cc.'of a 1:10 
filtrate) for any given set of reagents and the standard need be run only when new 
reagents are prepared. Since the blank value increases slowly but constantly during 
the useful life of the cyanide solution, it is best to run a blank with each day’s set of 
unknowns. This also enables one to determine when a fresh cyanide eolution should 
be prepared. For cither method of comparison, if the unknown value exceeds G mg. 
per cent, the determination should be repeated with a 1 cc. sample. 
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inert wliite solid appearing in the cooled reaction mixture. Increasing the 
phosphate content above 20 gm. increases the blank values with but little 
increase in color formation due to uric acid. It is interesting to note that 
^Yhile this amount of phosphate supplies less than one-fifth the phosphoric 
acid used in the original Folin-Denis reagent it is still in considerable e.\-cess 
over the theoretical requirements for the chromophorically active tungstic 
acid complex (9). However, smaller amounts of both phosphate and min- 
eral acid produced reagents with less activity and in all subsequent work 
the reagent as outlined under "Solutions” was used. 

Within certain limits, the amount of color produced when phosphotung- 
stic acid complexes react with uric acid increases with increase in cyanide 
concentration. However, two antagonistic factore appear to operate: 
the enhancing effect of cyanide on color production is opposed by the 
destructive action of the alkali on the color formed as the amount of cyanide 
is increased, and a cyanide concentration can be reached above which there 
is a net decrease in color formation, the colors becoming unstable and fading 
to weak greenish shades in a relatively short time. But even with optimum 
amounts of cyanide, proportionality between color production and uric acid 
content is attained only when the latter is low; the amo mts of uric acid 
normally present in the 5 cc. samples of 1:10 tungstic acid filtrates cus- 
tomaiily taken for analysis are too large to attain this desired propor- 
tionality. 

These interrelationships were demonstrated as follows: 5 cc. portions of 
ten aqueous dilutions of the uric acid stock standard containing from 1 to 
10 7 per cc. were each treated with 2 cc. of 60 per cent urea, 2 cc. of cyanide 
solution, and 1 or 2 cc. of the phosphotungstic acid reagent. Without 
further dilution readings were made at 10 minute intervals in the lOett- 
Summerson colorimeter until constant values were obtained. C 3 'anide 
solutions of 10, 12, 15, and 18 per cent w'ere used with each series of uric 
acid dilutions and the same procedure was repeated with 4, 3, and 2 cc. 
portions of the uric acid dilutions. When colorimeter reading were plotte 
against uric acid concentrations, curves of constantly chan^g slope vere 
obtained in all cases except for the runs with the 2 cc. portions of the unc 
acid dilutions. . 

In Fig. 1 are plotted the colorimeter readings (corrected for ^ 
against uric acid concentrations of fiveTepresentative runs for 2 cc. samp e 
with different amounts of cyanide and reagent. In these runs, rea m 
were unifonnly made after diluting to the indicated volumes 1 , 

the reagent had been added, since it had been found previous y ® , 

1 hour waiting period was sufficient for maximum color formation a 

2 cc. of 10 per cent cyanide were used, although less time is ne ^ 
maximum color production with the higher cyanide concentra ions. 
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these five curves are shown, since they completely illustrate the various 
interrelationships; the curves obtained from runs with larger amounts of 
uric acid merely exaggerate the results. Fig. 1 shows that (o) a straight 
line passing through the origin is obtained for values of uric acid up to about 
12 7 when 2 cc. of 12 per cent cyanide and 1 cc. of reagent are used; (b) for 
cyanide concentrations above and below this amount somewhat less color 
is obtained and proportionality is not quite as good with the antagonistic 



Fig. 1. Color development in relation to uric acid content after 60 minutes. Ef- 
fect of variation in cyanide and reagent content. Curve A, 2 cc. of 12 per cent cya- 
nide; Curve B, 15 per cent cyanide; Curve C, 10 per cent cyanide; Curve D, 18 per cent 
cyanide, each with 1 cc. of reagent and a final volume of 10 cc. Curve E, 2 cc. of 
IS per cent cyanide plus 2 cc. of reagent in a final volume of 20 cc. The broken line 
indicates the extent and point of departure from the curve of constant slope of CurveA. 

effect of excess alkali on color formation shown by the lower color values 
obtained with 18 per cent cyanide concentrations; (c) a straight line for all 
values up to at least 20 7 of uric acid was obtained when 2 cc. of reagent 
were used. 

Although proportionality of color intensity to uric acid content was best 
when 2 cc. of reagent were used, the results listed in Table 1 inchcate that 
lower recoveries of uric acid added directly to tungstic acid filtrates were 
obtained than when a combination of 2 cc. of 12 per cent cyanide and 1 cc. 



606 


DETERSHNATION OF XTRIC ACID IN BLOOD 


of reagent was used. The lower recoveries with both 10 and 15 per cent 
cyanide (with 1 cc. of reagent) seem to define the optimum cyanide con- 
centration ; apparently, increasing the cyanide content of the reaction mix- 
ture largely overcomes the color-inhibiting effect of tungstic add filtrates 
of human blood, but 100 per cent recoveries are not obtained by increasing 
the cyanide content beyond certain limits, for then the destructive effect 
of the increased alkali on the colored complex leads to lower recoveries. 
Table I also points to the presence of larger amounts of color-inhibiting 
substances in rabbit blood filtrates, since uniformly poorer results were 
obtained with such filtrates. 


Table I 


Recovery of Uric Acid Added Direclly io Tungstic Acid Filtrates 



Kind of 

tTric acid j 

Fet cent recovery, with 2 cc,of 


blood 

In original 
filtrate 

Added to ^ 
filtrate* ' 

1 

12 percent 
OWi'dt 

IS per cent cyanide 

10 per wot 
cyaaidc 

1 1 

Human 

mg. per cent 

3.SC ' 

mg. per cent ' 
1.0 ! 

95.5 

94.4 

93 .Qt 

91.3 

2 

<( j 

3.28 

1.0 

95.0 j 

93.2 ' 

92.5 

90.8 

3 

14 

2.02 

2.0 

93.2 j 

92.4 


91.0 

4 

(< 

2.45 

2.0 

94.8 

93.0 


88.2 

5 

14 

2.30 

3.0 

93.8 

92.1 

' 92.0 

87.0 

6 

t< 

1,90 

1 3,0 

94.5 

92.8 


92.0 

7 

■ Unbbit 

0.45 

3.0 

91.5 

01.7 

92.8 

8S.0 

S 


0.53 

3.0 

1 91. D 

92.2 

93.1 

87.5 

9 

1 « 

0.5S 

4.0 

91.2 

91.0 


86.3 

10 

14 

0.05 

4.0 

1 90.8 

91.4 j 

91.4 j 

86.6 


* Additions were made with uric acid solutions of such strength that they made up 
10 per cent of the filtrates. 

t The results in this column were obtained with 2 co.of rc.agent; .all others with 
cc. of reagent. 

With the optimum conditions observed above attempts were made to 
determine the effect of non-uric acid substances after the manner of Blanc 
and Koch (4). A solution was prepared containing, in mg. per cen , 
glucose 10, glutathione 4, ascorbic acid 0.2, and 0.2 each of tryptop ane, 
tyrosine, cystine, and cysteine (calculated as amino nitrogen). 2 cc. por 
tions were then treated as tungstic acid filtrates. The color A 
calculated as uric acid, was equivalent to less than 0.3 mg. per cen . rs 
tbioneine was not available for inclusion in this solution but, since i 
been shown (11) that trmgstic acid precipitates variable but large amo 
of this blood constituent, its effect can be expected to be minimum. ^ 

As a further test of specificity, uric acid deteminations were ma 
series of presumably normal human and rabbit bloods be ore an 
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treatment wth uricase (4). The results listed in Table II illustrate the 
small differences that were obtained; it would appear that, in the direct 
determination under the present conditions, non-uric acid color formation 
will increase the true uric acid content by less than 0.5 mg. per cent. The 
low values for rabbit bloods are also noteworthy, since direct methods 
hitherto used (1, 12) have resulted in much higher uric acid values. 

The results for normal human blood listed in Table II have been divided 
into sex groups to illustrate the fact, apparent to us over many years of 
uric acid determinations, that lower values may be expected from blood of 
normal females. This is a consistent finding with any method and attention 
was called to it a few years ago by Bulger and Johns (5) and before that by 
Brpchner-Mortensen (13). 


Table II 

Vnc Acid Content of Human and Rabbit Blood by New Procedure and after 
Uricase Treatment 


No. of samples 

Kind of blood 

s« 

Range of uric acid 

New method 

Removed by uricase 

12 

Human 

M. 

mg. per cent 

2.22-3.45 ’ 

mg. per cent 

2.05-3.10 

17 

<< 

F. 

1.88-2.90 

1.75-2.45 

9 

Kabbit 


0.35-0.90 

0.20-0.55 


DISCUSSION 

Since, in no instance, has 100 per cent of the uric acid added to tungstic 
acid filtrates been recovered, it is evident that the use of optimum amounts 
of cyanide in the reaction mixtures, while improving recoveries, does not 
completely overcome the color-inhibiting effect of substances in such fil- 
trates. Nevertheless, it would appear that under the conditions described 
above about 95 per cent of the uric acid present in human blood filtrates 
will be determined with a minimum of interference from non-uric acid 
reactants. 

No attempt has been made to determine the amount that can be recov- 
ered by this method when uric acid is added directly to whole blood or 
plasma, since it has been shoivn that uric acid is consistently lost by protein 
precipitation. The extent of such losses appears to depend upon whether 
whole blood or plasma is used (5) and perhaps on the manner of protein 
precipitation; such losses are, of course, independent of the method of 
determination. 

It is noteworthy that the normal values for human blood obtained by 
this direct method correspond well to those found by the older Folin 
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isolation procedure (14) and considerable experience indicates that upper 
normal values do not exceed 3.5 mg. per cent. 

SUMMARY 

A new method of preparation of a phosphotungstic acid reagent suitable 
for use in uric acid determinations has been described. It incorporates less 
phosphorus and yields lower blanks. 

An examination of the defects inherent in the direct determination of 
blood uric acid has led to the development of conditioirs, with the use of this 
reagent, which permit good recoveries of uric acid added directly to tungstic 
acid filtrates, strict proportionalit 3 ’ between color intensity and uric acid 
content, and increased specificity. 

Normal values for ■whole blood under these conditions do not exceed 3.5 
mg. per cent. 
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THE PAPAIN DIGESTION OF NATIVE, DENATURED, AND 
“STABILIZED” HUMAN SERUM ALBUMIN 
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{From the Biochemical Laboratory, Department of Chemistry, Stanford University, 
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(Received for publication, December 26, 1944) 

Recent work in this laboratory has showTi that the thennal stability of 
human serum albumin solutions, as measured nephelometrically and by the 
cloud point method (1), is increased by additions of salts of the lower fatty 
acids (1, 2). These results engendered an interest in other methods of 
measuring changes which may occur when the protein solutions are heated 
with or -without added stabilizing agents. 

Considerable work has been done (3-7) which demonstrates clearly 
that proteoljdic enzj'mes hydrolyze denatured protein more rapidly than 
the corresponding native protein. Hence, it was thought that enzymatic 
studies might yield additional infonnation about the state of the protein 
in heated solutions. Papain was chosen for the present study because it 
shows a marked difference in the rate of digestion of native and denatured 
protein (G), is stable to urea in high concentrations (6), and has a pH 
optimum which coincides with the pH optimum for thennal stability of 
human serum albumin. 

The results of studies on the papain digestion of serum albumin de- 
natured either by urea or heat, and with or without added stabilizers, are 
presented herein. 


EXPEIUMENT.^L 

Clear solutions of activated papain, prepared by the method of Anson 
(8), were used. It was found that solutions of constant and reproducible 
actmty could be readily prepared by this method from Merck’s papain. 

The substrate used was human serum albumin as prepared for the armed 
forces by the Plasma Fractionation Laboratorj' of Hansard Univei-sity. 
Aqueous stock solutions containing 25 gm. per cent of albumin were 
prepared as pre-viously described (1). In-espective of the protein or urea 
concentration in the heated or urea-denatured solutions, all solutions 
were diluted so as to contain 2 gm. per cent of protein and 0.01 m phosphate 
buffer, pH 7.3, prior to digestion by papain. To 5.0 ml. of the 2 gm. per 
ceitt albunun solution in a test-tube was added 1.0 ml. of the enzyme so- 
lution, the contents were rapidly mixed, and the .sample was incubated at 
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31°. The course of digestion was followed as described by Anson (8), 
with the Folin-Ciocalteu (9) phenol reagent for the colorimetric detemu- 
nation of the concentration of “apparent” tyrosine liberated. Readings 
were made -with a Beckman spectrophotometer or a Idett-Summerson 
photoelectric colorimeter and converted to tyrosine equivalents by use of a 
standard tyrosine curve. All values were corrected for the blank or initial 
tyrosine value at zero time. 

The sodium salts of the various fatty acids used in this work were pre- 
pared by neutralization of the corresponding acids. 


HESULTS AND DISCUSSION 


Urea Dcnaturation of Serum Albumin — ^In the first experiments the effect 
of denaturation by various concentrations of urea upon the rate of digestion 
of serum albumin was investigated. Solutions containing 2 gm. per cent 
of albumin were incubated for 24 hours ivith various concentrations of 
urea, and the rate of papain digestion was then determined as described 
above, with an undiluted 5.0 ml. aliquot. / Preliminary experiments in- 
dicated that a digestion time of 5 minutes was satisfactory for comparison 
of the relative digestion rates. The results are presented in Fig. 1. TWs 
curve is similar to that obtained by Lineweaver and Hoover (6) ivith 
hemoglobin. It is apparent that for both human serum albumin and 
hemoglobin the maximum rate of proteolysis is produced by C m urea. The 
rate of digestion of albumin denatured by 6 M urea was assumed to be the 
rate characteristic of completely denatured albumin. 

Variation of the protein concentration in the urea-protein solutions did 
not affect the proportion of protein denatured; samples incubated in 4 M 
urea with protein concentrations of 2 to 6 gm. per cenP showed no difference 
in the rate of digestion by papain after dilution to the same protein con- 


centration of 2 per cent. 

In all of the aforementioned experiments urea was present in high con- 
centration during the papain digestion period. Control experiments dem- 
onstrated clearly that the urea itself had no adverse effect upon t ® 
action of papain. If the urea were removed by dialysis after the in- 
cubation period, the albumin undenvent “regeneration” (4), and the ra e 
of proteolysis was markedly decreased (Fig. 2). Similar results aye 
been obtained in studies on tryptic hydrolysis of horse semm al umm 


and globulin (4). . , 

JicalDcnaiuration of Scrum Albumin — ^In the second group of expenm 
the papain digestion of heat-denatured human senun albumin uas i 


' Relatively high concentrations of albumin in urea could not 24 

ample, an 11 per cent solution of albumin in 4 m urea passed into a gel in e 
iiours at room temperature. 
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vestifeated. The results are given in Fig, 2. Although an increase in the 
rate of proteolysis could be obtained by heat treatment,^ the maximum rate 
obtainable by heat denaturation was far less than that resulting from urea 
denaturation. In contrast, heat denaturation of hemoglobin has been 
reported to give a product which was attacked by papain about as readily 



Fig. 1. The effect of urea concentration on the papain digestion of human seruro 
albumin. The ordinate represents the milliequivalents of tyrosine in a 5.0 ml. 
aliquot of the filtrate from a mixture of G.O ml. of substrate and enzyme, and 
10.0 ml. of 0.3 N trichloroacetic acid. 

as urea-denatured hemoglobin (6). It is of interest that 25 gm. per cent 
solutions of albumin heated until they show a “cloud point” (I) do not 
show an increased rate of enzyme digestion. This indicates that in con- 

* "Heat treatment,” as used in the present paper, is defined as the heating of 
aqueous solutions of the protein under specified conditions of pH, salt content, pro- 
tein concentration, temperature, and time. 
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certrated solutions only a small amount ot albumin need undergo allege 
for cloud formation to occur. 



time ’ 

F.,.a. rapala digcBllea ,( 

;he digestion curves of native, urea > albumin solution, pH • 

i/ed). Esp.rin,.at 1 '"H" mL™ " Sh™.* 2 . 25 

ptephalj^lomd ® F„„d „ ,oo* lo, 3 ■"“““I ““]gjS„t 8, 2 P? 

solution pH 6- . • for papain dif stion. P froroExpen- 



aent 2 rcdispersea uy 1 e“- 


- . rV^nnttYlP.Vi.l~^^ 


,,Uy cloudedrtlien aiiuie. u. a. 
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produced by fatty acids has been shown to increase with chain length up to 
capiylate, and caprylate in low concentrations has been found to be a 
satisfactory stabilizer for concentrated albumin solutions.® 

4 gm, per sent solutions of serum albumin were heated for periods up to 
27 minutes (2 hours in one case) at temperatures of 62®, 70°, and 78° mth 
and without addition of 0.010 m sodium caprylate. Following heating 
and dilution to a protein concentration of 2 gm. per cent, the samples were 
digested with papain for 10 minutes, as in the preceding experiments. 
The purpose of the caprylate additions was to determine whether de- 



Fio. 3. Papain digestion of heat-treated human serum albumin (10 minute digestion 
period). Experiment 1, no caprylate, heated at 70°. Experiment 2, heated at 70°; 
caprylate (0.01 si) added to cooled solution after heating; sample became turbid after 
7 minutes heating. Experiment 3, no caprylate, heated at 78°; sample became turbid 
after 2 minutes heating. Experiment 4, 0.01 si caprylate, heated at 78°; sample 
remained clear and limpid. Experiment 6, no caprylate, heated at 62°; sample 
remained clear and limpid. Experiment 6, 0.01 si caprylate, heated at 70°; sample 
remained clear and limpid. All samples contained 4 gm. per cent of albumin and 0.16 
M NaCl, and were at pH 6.8. The values for tyrosine liberated are the difference 
between a control sample (not heat-treated) and the heat-treated solutions. 

naturation, as measured by enzyme digestion rate, was decreased in the 
presence of caprylate. The results given in Fig. 3 show that solutions 
heated in the absence of caprylate were rapidly digested by papain as 
contrasted to the low digestion rate of the samples containing caprylate. 
The caprylate-stabilized protein displayed the same resistance to digestion 
by papain as albumin heated to a more moderate temperature in the 
absence of a stabilizer. The maxima in the uppermost curves roughly 

’ Boyer, P. D., Lum, F. G., Ballou, G. A., and Luck, J. M., unpublished data. 
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coincide nith the times v/hen the solutions in question became opaque 
and aggregation was noticeably apparent. The lower curves, not showing 
maxima, remained clear throughout the period of heat treatment. In the 
case of the former it may be inferred that coagulation, associated as it 
would be with decrease of surface area per unit mass, would at least tend to 
reduce the rate of digestion by papain. Experiments with human serum 
7 -globulin, which is more heat-labile than albumin, did not show a cor- 
responding correlation between the appearance of the heated solutions and 
the ease of their hydrolysis by papain. 

Experiments strictly comparable to the above with 25 gm. per cent 
solutions of human serum albumin were not feasible because such solutions 
gelled before showing any definite increase in susceptibility to enzyme 
hydrolysis. Solutions containing 25 gm. per cent albumin and 0.025 m 
caprylate which were heated for several minutes at 70°, as well as other 
samples which were maintained for upwards of 50 days at 57°, showed a 
rate of digestion bj’’ papain (after dilution to 2 gm. per cent) equal to that 
of unheated native senim albumin. Thus caprjdate additions maintained 
these concentrated solutions in a native state as measured by susceptibility 
to enzyme digestion. In contrast, solutions wthout added caprylate 
readily formed opaque, solid gels under these conditions. 

Addition of caprylate after heating the albumin reduced slightly but 
significantly the rate of digestion by papain (Experiment 6, Fig. 3). 
This effect is further discus.scd in a later section of this paper. 

Experiments with Other Stabilizers — Solutions of 25 gm. per cent albumin, 
in the presence of other organic saltsuvliich have been sh'jwn to stabilize 
the albumin (1, 2), ^Yerc similar in their behavior to solutions containing 
caprjdate. At 70°, a temperature that requires onlj' a few minutes to 
coagulate 25 gm. per cent solutions of human senim albumin without added 
stabilizing agents, 0.3 m concentrations of sodium butyrate, sodium phenyl 
acetate, sodium phenyl butyrate, and sodium mandelate, as well as 0.01 to 
0.10 M concentrations of sodium caprjdate, appeared to protect such so- 
lutions from the changes which otherwise occurred at that temperature. 
The papain digestion rates at 31° for such preparations, after the incubation 
at 70° for 25 minutes, were of the oi-der of magnitude for native materia . 
Storage of 25 gm. per cent serum albumin solutions containing 0.3 m so mm 
chloride or 0.15 M sodium chloride plus 0.15 m sodium butyrate at 50 or 
nearly 6 months, resulted in little effect on the rate of digestion by papain 
as subsequently determined. . 

EJfect oj Certain Organic Salts on Urea Deiiaturation of Scrum A ‘mm 
Upon further investigation of the urea denaturation of human * 

bumin it was found that serum albumin, denatured in 6 M urea p us • 
caprjdate, showed a rate of digestion bj' papain but little higher nn 
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for native material. However, if the caprylate were added at the end of 
the 24 hour period used for the urea denaturation instead of simultaneously 
with the urea, the rate of enzj-me digestion was verj’ high, although still 



Fig. 4. Urea denaturation of human serum albumin; effect of stabilizers. Experi- 
ment 1, stored 24 hours in 6 M urea. Experiment 2, stored 24 hours in 6 M urea; subse- 
quent adjustment to 0.020 M phenyl butyrate. Experiment 3, stored 24 hours in 6 M 
urea; subsequent adjustment to 0.020 M caprylate. Experiment 4, stored 24 hours in 
G M urea, 0.020 it sodium phenyl butyrate (urea and phenyl butyrate added simultane- 
ously). Experiment 5, stored 24 hours in 0 m urea, 0.020 M sodium caprylate (urea 
and caprylate added simultaneously). Experiment 6, control; no urea treatment. 
All solutions contained 2 gm. per cent of human serum albumin and 0.01 M phosphate 
buffer; the pH was 7.4. 

lower than that usually observed for 2 gm. per cent albumin denatured by 
6 M urea. This experiment was repeated \sith the use of the other members 
of the series of organic anions studied and similar results were obtained for 
phenyl hutyrate (see Fig. 4). Phenyl acetate, butyrate, and chloride 
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showed little effect, if any, on the urea denaturation of serum albiunin. 
Preliminaiy tests on ovalbumin have indicated that the addition of cap- 
rylate had little effect on the course of its denaturation by 0 m urea. 

The presence of caprylate has also been found to prevent the viscosity 
increase which othemdse occurs ■u’hen albumin is denatured by urea.* 
Solutions containing 2 gm. per cent of albumin in 6 M urea had a relative 
viscosity indicative of an extended albumin molecule. In contrast, if 
0.02 M caprylate were added before addition of the albumin, the resulting 
viscosity increase was considerably less and was of the magnitude which 
would be expected if the protein remained in a native state. Further 
experiments are planned on the study of the prevention of urea denaturation 
by lower fatty acids and related compounds. 

The apparent protection of human serum albumin from heat or urea 
denaturation by low concentrations of caprylate is difBcult to explain 
because the mechanism of denaturation is little understood. In the ex- 


periments xvith urea the relative number of molecules of urea, caprylate, 
and protein present was 21 ,000, 70, and 1 , respective!}'. Thus it is apparent 
that the caprylate must exert its effect on the protein and not on the urea. 

The increased susceptibility of denatured protein to proteolysis has been 
attributed to an extended configuration and to the exposure of more 


chemically reactive groups (4, 6), which renders the substrate more ac- 
cessible to the enzyme. On the basis of the data presented in this paper 
it is probable that the addition of caprylate, or other compounds with va 
similar action, to albumin solutions prevents the liberation of active groups 
or extension of the molecule by heat or urea, '\^'hether the mechanism of 
the action of caprylate in protecting serum albumin against heat dena- 
turation and against urea denaturation is the same is not known, althoug 
these results do suggest a similarity in the action of heat and of urea. 
Studies on the nature of the association between caprylate and albumin 
are norv in progress and may help elucidate the mechanism of the 
caprylate. Incidentally, the evidence now pi-esented requires us to ra i 
our earlier lOTothesis (1, 2) wliich suggested that the albunun rao ecue 
in its denatui-ed, rather than it-s native, foim a-ssociates with the sta imr. 

The small but significant reduction in the rate of papain dig^ io“ ^ 
urea-denatured or heat-denatured albumin brought about by e su ^ 
sequent addition of caprylate or phenyl butyrate (Figs. 3, 4) may e u 
steric or competitive inhibition effectuated through association o 
stabilizer with the denatured molecule, or inhibition throug . 

of the caprylate with the papain. The possibility that the capr} a 
effect a partial return of the albumin to the native state a so 


consideration. 
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SUMMARY 

The rate of papain digestion, of human serum albumin denatured by 
urea or heat in the presence or absence of added stabilizing agents, has 
been studied. These experiments have yielded the following results: 

1. Urea denaturation markedly increased the rate of papain digestion. 
Removal of the urea from the solution of urea-treated protein lowered the 
digestion rate nearly to the original level. 

2. Heat treatment of albumin solutions, although resulting in an in- 
creased digestion rate, was far less effective than urea denaturation. 

3. Additions of low concentrations of sodium caprylatc or other similar 
stabilizing agents prevented the effects of heat treatment on susceptibility 
to digestion by papain. 

4. Addition of capiylate simultaneous^' vith urea apparently pre- 
vented the urea denaturation of the albumin as measured by enzyme sus- 
ceptibility and viscosity increase. 

This work was done under a contract, recommended by the Committee 
on Medical Research, between the Office of Scientific Research and De- 
velopment and Stanford University. 

We are indebted to Professor E. J. Cohn and to the Plasma Fractionation 
Laboratory of Harvard University for the albumin used in these studies, 
and to Dr. C. F. H. Allen of the Eastman Kodak Company, and Professor 
L. F. Fieser of Harvard University for the y-phenylbutjTuc acid used in 
the present and preceding studies. 
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THE EXCRETION OF PYMDOXINE, “PSEUDOPYRIDOXINE,” 
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(From the Dirision oj Animal Nutrition. University of Illinois, Urbann) 

(Received for publication, February 5, 1945) 

Snell, Guirard, and Williams (1) in 1942 showed that a metabolit-e of 
pyridoxine which they termed “pseudopyridoxine” was excreted in the 
urine. We have shown that this “pseudopyridoxine” occurs in sweat as 
well as in urine (2). “Pseudopyridoxine” was found to be inactive for the 
yeast, Saccliaromyccs carlsbcrgc-nsis, used in the Atkin, Schultz, Williams, 
and Frey (3) assay method for pyiidoxine, thus making it possible to 
determine pjuidoxine in the presence of pseudopyridoxine. It has been 
shown (2, 4) that Streptococcus lactis R and Lactobacillus casei respond to 
pseudopyridoxine but not to pyridoxine, making possible a microbiological 
pseudopyridoxine assay, once a standard became available. In 1944 
Harris, Heyl, and Folkers (5) sjmthesizcd “pyridoxal” and “pyridoxamine" 
from pyridojdne. Snell (6) showed that both of these compounds were ac- 
tive for the growth of Streptococcus lactis and that pyridoxy.l was active 
for the growth of Lactobacillus casei. Pyridoxal, therefore, appeared to 
be a better standard for pseudopyridoxine assay. This does not nec- 
essarily infer that pyridoxal is identical with pseudopyridoxine. 

Huff and Perlzweig (7, 8) described, isolated, and characterized a tliii-d 
metabolite of pyridoxine, “4-pyridoxic acid” (2-methyl-3-hydroxy-4- 
carboxjf-5'hydroxymethylpyridine). The existence of this compound in 
human urine had been indicated by Singal and Sydenstricker (9) in 1941. 
A fluorometric method for the determination of this metabolite has been 
described by Huff and Perlzweig (8). 

In this paper we wish to report the excretion of pjuidoxine, pseudopyri- 
doxine (as pyridoxal), and 4-pyridoxic acid in the sweat and urine of young- 
men maintained in a “hot moist” emironment on a “normal” diet rvith and 
without added pyridoxine. 


EXPEmMENT.VI, 

Four adult male subjects, age 21 to 28 year's, were maintained for 8 hours 
per day under hot moist conditions for 5 days each week. The temperature 


* Tile work described in this paper was done under a contract, recommended by 
the Committee on Medical Research, between the Office of Scientific Research and 
Development and the University of Illinois. 
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of the experimental chamber was 37.8° and the relative humidity 70 per 
cent. The subjects were kept on a constant diet throughout the experi- 
ment. During Period II the diet was supplemented vith 8 mg. of pyridox- 
ine per day. 


Tablb I 


Average Daily Excretion of Pyridoxine and Its Metabolites 


Period No. 

Subject 

Pyridojonc 

*T$eudopyri- 

dorine’* 

(pyrtdox&l) 

♦•Pyndoxfc 

acid 

Total 



mg. 

fTff. 

rtg. 

mg. 

I. No dosage. Urine, 

c 

0.114 

0.192 

2.830 

3.14 

per 2i hrs. 

D 

0,187 

0.375 

3.022 

3.58 


E 

0.118 

0.236 

3.297 

3.65 


E 

0.131 

0.181 

3.367 

3.68 

Average 


0.138 

0.246 

3. 130 
89.3 

3.51 

% of total 


3.9 

6.8 

100 

I. Skin excretion, 

! c 

0.00 

0.030 

O.ISS 

. 0.185 

per 8 lira. 

D 

0.00 

0.030 

0.193 

0.222 


, E 

, 0.00 

1 0.032 1 

0.257 

0.288 


P 

0.00 

1 0.035 

1 

0. 189 

0.224 

Average 


0.00 


0.198 

0.230 

% at total 


0 

Si 

SO. 4 

[ 100 

II. Dosage, 8 mg. 

c 

0.3S4 


7.540 

8.35 

pyridoxine per 

D 

0.243 


8.162 

9.38 

day. Urine, 

E 

0.409 


0.220 


per 24 hrs. 

F 

0.445 

0.443 

4.932 

5.82 

Average 


0.303 


6.713 

7.72 

% of total 


4.G 


87 

Ba 

II. Skin excretion, 

C 

0.0044 

0.023 

0.228 


per 8 hrs. 

D 

0.0063 

0.110 

0.241 


E 

0.0075 

0.026 

0.319 



F 

0.0077 

0.039 

0.253 

0.299 

Average 


MM 

■H 


0.316 

% of total 


IBI 


82.4 j 

BM 


Complete 8 hour skin excretion collections and 24 hour urinary col cc 
were made. The daily collections were composited for each 5 
mental period. At the end of each experimental period, a 4 hour co ec i 
of undiluted sweat was made under the same environmental con 

The sweat and urine were analyzed for pyridoxine irith a shg ®?.. ^ 
tion of the Saccharomyces carlsbcrgensis method of Atkin, Schultz, i 
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and Frey (3). Pseudopyiidoxine was determined with Slreplococcus 
laclis R with the medium of Luckey, Briggs, and Elvehjem (10) for folic 
acid assay with the omission of pyridoxine and the addition of 80 7 of folic 
acid concentrate' and 10 cc. of Salts B (11). Pyridoxal- was used as a 
standard for this determination. 4-Pyridoxic acid® was determined by the 
fluorometric lactone method of Huff and Peiizweig ( 8 ). 

The average daily excretion in the urine and through the skin of each of 
these three metabolites for the two experimental periods is given in Table I. 

From Table I it is apparent that 4-pyridoxic acid is quantitatively the 
most important metabolite excreted, amounting to over 80 per cent of the 

Table II 


Coneenlration of Pyridoxine and Its Metaholiies in Sweat 


Post period No. 

Subject 

Pyridoxine 

“Pseudopyri- 

doxine” 

(pyridoxal) 

[ 

4*P3Tidoxic 

acid 

1 

Total 



1 ttf cc. 

y fer cc. 

y per cc. 

y per cc. 

I. No dosage 1 

c 

0.00055 




1 

D 

0.00170 

0.0825 



1 

E 

0.00042 





F 

0.00068 

0.0105 



Average 

0.00084 

0.0324 



II. Dosage, 8 mg. 

C 

0.00049 


0.054 

0.071 

pyridoxine per 

D 

0.0033 


0.048 

0.066 

day 

E 

0.0016 ' 


0.052 

0.060 


F 

0.0017 

0.0090 

0.055 

0.066 

Average 


0.0018 

0.0117 

■B 

0.066 

% of total 


2.7 

17.9 


100 


total pyridoxine and metabolite excretion. The daily excretion values 
for Period I seem high. However, these subjects had been receiving 2 
mg. of pyridoxine daily in addition to their normal diet for several months 
prior to this experiment. 

The sensitivity of the method for pyridoxine is such that the skin excre- 
tion for Period I may amount to 2 to 3 per cent of the total rather than 
zero. 

In Table II are given the concentration data obtained on undiluted 

' Dr. R. J. Wiiliams, University of Te.\as, very kindly supplied the “folic acid” 
concentrate. 

’ Pyridoxal and pyridoxamine were generously supplied by Dr. Karl Folkers of 
Merck and Company, Inc., Rahway, New Jersey. 

• 4-pyridoxic acid was very kindly supplied by Dr. W. A. Perlzweig of Duke Uni- 
versity. 
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sweat of the four subjects. These samples were collected during the 4 
hour periods on the day follomrig the conclusion of each experimental 
period. 

The data in Table II indicate that the concentration ratio of the metab- 
olites in sweat is about the same as in urine. 

DISCUSSION 

The average daily excretion value of pyridoxine and its metabolites 
under a continuous “hot moist” environment was 3.51 mg. in the urine, 
plus 0.G9 (3 X 0.23 to convert from an 8 hour to a 24 hours basis)^ through 
the skin, during Period I \rith no dosage. Thus 1G.5 per cent of the pyri- 
doxine plus metabolites was excreted through the skin. Similarlj', for 
Period II, during which the diet was supplemented with 8 mg. of pyridoxine 
dailj', the average total dail 3 ’^ e.\'cretion was 8.67 mg., 11 per cent of this 
excretion occuning through the skin. While this 11 to 10.5 per cent excre- 
tion through the .skin is a relativelj' small proportion of the total excretion, 
it cannot be dofinitelj' concluded that sweating conditions do not affect 
the pyridoxine requirement. 

With the addition of 8 mg. of pj-rido.xine pci- day to tlie normal diet, the 
avoiage increase in total excretion was 4.3 mg. or a 54 per cent recovery of 
the added p 3 Tidoxino. Of this increa.se, 5.5 per cent occurred as pyridoxine, 
9.5 per cent os pseudop 3 'ridoxine, and 85 per cent as 4 -p 3 Tido.xic acid, 
indicating that the added pyridoxine was metabolized in a similar manner 
to the pyridoxine present in the food. 

Snell has shovm (6) that pyridoxal and p 3 Tido.xine are approximately 
cquall 3 ’ active for Saccharomyccs carlsbergensis. Therefore, in order for 
pyridoxal and the pseudopyridoxine found in urine to be the same com- 
pound, the p 3 'ridoxine values would have to be higher in all cases than the 
pseudopyridoxine values obtained with Streptococcus lactis. In the njr' 
reported in this paper the pseudopyridoxine values were always consider 
abl 3 ' liigher than the p 3 'ridoxine values. If, then, pyiido.xal is 
same compound as pseudop 3 'rido.xinc, the assumption that they are equ ) 
aetiv'e for Streptococcus lactis may be possibb' incoiTCct. Gunsalus, e 
lam3', and Umbreit (12) have shown that a phosphor 3 'Iated derivative 
pyridoxal acts as the coenz 3 'me of tyrosine decarbox 3 dase. It may e ® 
urinary pseudopyridoxine is such a conjugate of pyridoxal and is mac i 
for 3 'easts but retains its activity towai-d bacteria. _ i r m of 

One of the questions arising from this study is the functiona or 
P 3 'ridoxine in the bod 3 '. Scott cf ah (13) have shown that t e ac o 

* These would be maximal excretion values since they Ojher 

compensatory relationship between urinary excretion and swn excr 
work has indicated that this relationship frequently does exist. 
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“5-pyridoxic acid” (a-pyracin) is active in preventing anemia in the chick. 
From the v/ork reported here it would appear that some oxidation product 
of pyridoxine is possibly the active form in the body. Further work must 
be done to determine whether the final completely oxidized compound 
excreted in such large amounts is the functional form in the body or rather 
the final end-product of metabolism. 

SUMMARY 

1. A study was made of the excretion of pyridoxine, pseudopyridoxine 
(as pyridoxal), and 4-pyridoxic acid in the urine and sweat of four men 
subjected to a hot moist environment. 

2. Over 85 per cent of the total pyridoxine and metabolites excreted 
in the urine was in the form of 4-pyTidoxic acid, 4 to 4.5 per cent was pyri- 
drodne, and 7 to 8 per cent was pseudopyridoxine. 

3. The percentage distribution of these three compounds in sweat was 
similar to that in urine. 

4. The total amount of pyridoxine and its metabolites present in sweat 
appears to be too small to have any significant influence on the pyridoxine 
requirement of persons subjected toan environment inducing proiuse sweat- 
ing throughout the daj\ 

5. When 8 mg. of pyridoxine per day were given orally, an average of 
over 50 per cent of the pyridoxine was recovered in the sweat and urine as 
pyridoxine and its metabolites., 
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THE CHEMICAL COMPOSITION OF THE ADULT HUMAN BODY 
AND ITS BEARING ON THE BIOCHEMISTRY 
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(From the Division of Animal Nutrilion,and the Departments of Physiology and Animal 
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(Received for publication, February 15, 1945) 

The amounts of nutrients contained in the adult human body represent 
the integration of the day to day accretions from the time of conception 
to the termination of growth. These accretions are usually determined 
by balance experiments carried out at different periods of growth and are 
assumed to measure the net requirements of the respective nutrients n-ith 
due consideration of the synthesis and transformation of organic nutrients 
in metabolism. Thus, the accretion of fat does not measure a fat require- 
ment, but the accretion of protein and of the essential mineral elements may. 
Whether it does, or whether it does not, will depend upon the eaparaty of 
the body to store the nutrient in amounts considerably greater than current 
needs. The capacity of the body to store protein is strictly limitedj so 
that nitrogen b^ances secured on a growing child after a reasonable period 
of adjustment to a liberal intake wiirmeasure reasonably well the amount 
needed for maximum growth in terms of net protein. The capacity of the 
body to store calcium is relatively enormous, far in excess of the needs of 
the soft tissues of the body and quite probably in excess of the need for a 
rigid and strong skeletal structure. Calcium balances on the child sub- 
sisting upon a liberal calcium intake may or may not measure the day to 
day need for net calcium, depending upon the degree of saturation of the 
skeleton in calcium salts, a condition that may vary with metabolic factors 
as well as with the food supply. 

The extent to which metabolic balances of nitrogen, calcium, iron, etc., 
actually measure the day to day requirements in terms of net nutrients' 
can be judged by comparing their total integration throughout growth with 
the composition of the mature body with respect to them. However, in- 
formation on the composition of the adult human body is strangely con- 
tradictory and incomplete. 

The situation may be illustrated by the information on the content 

* The authors gratefully acknowledge the assistance to this investigation of funds 
donated by the Graduate School of the University of Illinois. 

‘ By net protein, net calcium, etc., is meant the dietary supply rmnus all the losses 
to which the respective nutrient is subjected in the course of digestion, absorption, 
and assimilation as tissue constituents. 
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of calcium and phosphorus. The calcium and phosphorus contents of the 
adult human body have been variously estimated, often from undisclosed 
sources. Aron in 190S (1) stated that adult man contains 4 per cent of 
ash, of which 40 per cent is CaO, the calcium content thus being 1.14 per 
cent. In 1919, Hackh (2) estimated the calcium and phosphorus contents 
of man at 1.90 and 0.95 per cent, respectively. 4 years later, Vernadsky 
(3) presented estimates of 1.4 per cent of calcium and 0.8 per cent of phos- 
phorus, based on Volkmann’s data published in 1874 and cited by Carl 
Voit in Hermann’s “Handbuch der Physiologie,” Leipzig, 18S1. In a 
paper published in the following year, Yemadskj’ (4) cited some figures of 
Bertrand, reported in 1920; i.c., 1.38 per cent of calcium and 0.63 per cent of 
phosphorus. GUbert and Postemak (5) state that the body of average 
adults contains about 1600 gm. of phosphoric acid, equivalent for a 70 
kilo man to a phosphorus content of 1 .0 per cent. From data secured from 
a rather complete collection of Ceylonese skeletons, Nicholls and Kimala- 
suriya (6) estimate the average calcium content of the adult male of Ceylon 
as 1.65 per cent and of the adult female, 1.52 per cent. Less direct calcula- 
tions for the adult European led to values of 1.84 per cent calcium for the 
male and 1.34 per cent for the female. Leitch (7), on the basis of assump- 
tions that seem none too probable, has calculated that the adult human 
body contains 36 gm. of calcium per kilo, or 3.6 per cent. From the 
fragmentary e^•idence available in the literature, Mitchell and Curzon (8) 
estimated the calcium content of man at 1.5 per cent, and at about the 
same time Shohl (9) presented an estimate of 1.6G per cent calcium and 
0.96 per cent phosphorus. 

Reflecting the confusion prevailing in the literature concerning the 
mineral content of the adult human body, Sherman, in his classical work, 
“Chemistry of food and nutrition,” has estimated the calcium content at 
2 per cent in the 1st and 2nd*editions, 1.5 per cent in the 3rd, 4th, and 5th 
editions, and 2.2 per cent in the 6th and last edition published in IWL 
The phosphorus content is set at 1.0 per cent up to the last edition, w en 
it was raised to 1 .2 per cent. . . . 

The scientific importance of information on the chemical composibon o 
the adult human body and the wholly unsatisfactorj* character o a 
available prompted the authors to undertake the investigation 
in this paper. The plan involves the analysis of a number of human ca T 
ers in the age range of 20 to 50 years and in satisfactory nutritive 
tion. Since such specimens are not readily available, publication o 
results obtained on single specimens seems wafranted. 

Methods and Materials 

The cadaver was obtained through the courtesy of Dr. ^ 

of the Department of Anatomy, College of Medicine, TJmiersi j o 


MITCHELIj, HAMILTON, STEGGERDA, AND BEAN 


627 


to B-hom grateful acknoBiedgmeDt is uaade. It B-as that of a -white man 
35 3’ears of age, 70.55 kilos in B-eight, and 183 cm. tall. Other measure- 
ments taken -were the foUoB-ing: stem length (sitting height) 99.8 cm., 
shoulder (biacromial) B-idth 35.3 cm., chest circumference at the level of 
the upper part of the xiphoid process 87.2 cm., and greatest distance be- 
tB'een iliac crests 30.4 cm. 

Death was due to an acute heart attack (decompensation or failure); 
postmortem examination performed by Dr. A. R. Cooper of the Department 
of Anatomy revealed passive congestion of both lungs, especially the lower 
lobes, and a moderately enlarged heart, shoB'ing evidence of chronic mitral 
valvulitis with mitral insufficiency or incompetency. “There were also 
a few small atheromatous white nodules in the lining of the first (ascending) 
part of the aorta, but the heart muscle showed no nodules. The twelfth 
rib on each side was only about 3 cm. in length, and the costal border was 
formed by the 9th ribs instead of the 10th.” No other pathology or ab- 
nonnality was noted. 

Under the supervision of Dr. Cooper, the cadaver- B'as dissected into 
the various organs and tissues upon B-hich separate weights and chemical 
analyses were desired. No attempt w’as made to remove all of the residual 
blood from the organs, although as much was removed as could be done by 
manual manipulation. The ulna, tibia, and ninth rib from the left side 
B-ere analyzed separately from the other bones. 

The samples were analyzed for moisture, nitrogen, ether extract, ash, 
phosphorus, and calcium by the official methods of the Association of 
Official Agricultural Chemists, except that in some of the soft tissues 
calcium was determined by a modification of the ceric sulfate method of 
Larson and Greenberg (10). The heats of combustion of all samples 
but the teeth B-ere determined B-ith the Parr adiabatic oxygen bomb 
calorimeter. 


EXPERIMENTAL 

Table I contains the values secured on the chemical composition of the 
organs and tissues analyzed, together with the relative B-eights of each with 
reference to the total bodj-. The last roB- of figures relates to the composi- 
tion of the entire body, B-hich contained 67.85 per cent moisture, 12.51 
per cent ether extract, 14.39 per cent protein (N X 6.25), 4,84 per cent 
ash, 1.696 per cent calcium, 0.771 per cent phosphorus, and a heat of com- 
bustion equi^lent to 1.93 kilocalories per gm. Only 0.41 per cent is un- 
accounted for. 

The skeleton, making up 14.84 per cent of the body B-eigJrt, contains 30.1 
per cent of the dry matter, 19.5 per cent of the fat, 18.0 per cent of the 

’ The body was preserved only by freezing until dissection was started about 6 
weeks after death. 
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protein, and, with the teeth, 85.7 per cent of the ash, 99.0 per cent of the 
calcium, and 90.0 per cent of the phosphorus. The striated muscles con- 
stituted 31.56 per cent of the body weight, and contained 38.8 per cent of 
its water, 1 9.2 per cent of its dry matter, 8.1 per cent of its fat, 34.G per cent 


Table I 


Chemical Composilion of Adult Human Body 





Chemical composition 




Per 







- 

Parts analyzed 

cent of 


Ether 

extract 

Crude 




com 


body 

Water 

protein 

(NX 

Ash 

Calcium 

Phos- 

phorus 

bustion 





6.25) 







per cent 

ptt cent 

Per cent 

per cent 

m 


edorut 

pergm 

Skin . 

7.81 

64.68 


22.19 

0.68 

0.020S 

0.060 

2 292 

Skeleton . 

14.84 

31.81 

17.18 

IHBl? 

28.91 


4.83 

2 497 

Teeth ... . 


liKiIih 


23* 

Hj^l 

24.42 

11.81 


Striated muscle 

31.56 

79.52 

3.35 




liBIE 

1 239 

Brain, spinal cord, and nerve 









trunks 

2.52 

73.33 

12.68 


mm* 


Erk 

|w^ 

Liver 

3.41 

71.46 

10.35 

16.19 


HR 

0.148 

2.196 

Heartt 

KiKQiJ 

73.69 

9.26 

15.88 

HR 



1 824 

Lungsf 

4.15 

83.74 

1.54 

13.38 

HR 


Rm 

HSjjijl 

Spleen.. 

■mi*] 

78.69 

1.19 

17.81 

1.13 


RBf 

1 193 

Kidneys 

0.51 

79.47 


14.69 

mm 

HR 

fSm 

1 326 

Pancreas 


*mi:l 


12.69 


HR 


1.979 

Alimentary tract 


79.07 

6.24 

13.19 

Wm 

Hg 

0.115: 

1 339 

Adipose tissue 


KiRW 

42.44 

7.06 

0.51 

Hffi 


4 165 

Remaining tissues 





■1 




Liquid . 

3.79 

93.33 

ESB 

5.68 



|jXjIjl|j 

Solid.. 

13.63 

mKul 

12.39 

■ IjllUi] 

■Bill 




Contents of alimentary tract. 





m 




Bile . . 









Hair . . 




■ 

■ 




Total body, weighing 70.55 
kilos . 


67.85 

12.51 

14.39 

4.84 

1.596 

0.771 

1 930 


• Assumed, 
t Somewhat enlarged, 
t Somewhat congested. 


of its protein, 5.8 per cent of its ash, only 0.2 per cent of its calcium, u 
4.5 per cent of its phosphorus. Of the 1126 gm. of calcium'in the en re 
body, all but 12 gm. are located in the bones and teeth, and prolmb y oM 
half of this small residue is located in the ligaments and tendons 1 
solid “remaining tissues”). The ratio of calcium to phosphonis m 
entire body was 2.07 : 1 . 
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The total heat of combustion U'as 136,163 kilocalories. 

The composition of the skeleton and of the three bones analj^zed sepa- 
rately, computed on the bases of fresh weight, dry weight, dry and fat-free 
weight, and ash, is summarized in Table II. These data will be used in 
assessing the nutritional status of the cadaver specimen u ith reference to 
calcium. 

Normality of Specimen — ^The significance of the data presented in the 
preceding section to any study of the biochemistry of grorvth will depend 
upon the noimality of the material analyzed, particularly rvith reference 


Tahle II 


Chimtcal Composition (Per Cent) of Bones on Different Bases 


CoDSlitue&t 

Fresh 

ba.sis 

Dry 

basts 

1 I>nr, 
fat-frec 
i basis 



1 1 

Dfv, 
fat free 
basis 

1 

j Asli 

Left tibia 

1 Left ulna 

Moisture 

i 16.28 

! j 


i ! 

12.51 

1 

j 


1 

Ether extract 

36.36 

43.47 ' 



17.80 

20.35 ' 



Crude protein 

15.81 

18.88 

33.40 

1 

20.88 

23.87 

29.96 


Ash . 

31.40 

37.51 1 

66.34 


44.60 

50.98 1 

64.00 


Calcium 

11.92 

14 24 1 

25.18 

37 96 { 

1 17.56 

20.07 1 

25.20 

39.37 

Phosphorus 

5 28 

6 31 

11.16 

16 82 

j 7.61 

S.70 

10.92 

17.06 

Left ninth rib 

1 Total skeleton 

Moisture . . . ' 

26.31 ! 

imii 

! 

1 

31.81 

1 

j 

■■■ 

Ether extract 

7.82 1 


i 

1 

I 17.18 

25.20 i 



Crude protein . 

23.31 


35.39 


1 18.93 

27.76 

37.10 


Ash . . . 

37.90 


57.54 


1 28.91 ‘ 

42.40 * 

56.67 


Calcium 

14.77 

20.04 

22.42 

38.97 

1 11.02 

16.16 

21.61 


Phosphorus 

6.29 

8.54 

9.55 

^6.60 

4.83 

7.09 

9.48 

1301 


Ca to P ratio, tibia 2 257, ulna 2 307, rib 2 348, total skeleton 2.28. 


to nutritional status. The latter is obviously difficult to assess, but the 
attempt to do so seems well worth while. 

The age-height-weight relationship, when applied to Edwards' (11) 
nomogram, indicates that the subject was about 11 per cent rmderweight. 
However, as Edwards points out, actuarial records show that there are 
only small differences in mortality ratios (ratios of actual to expected 
deaths) within a range of 15 per cent above and below the average weight, 
so that the observed deviation of 11 per cent, if it is anything more than an 
error of sampling, can hardly indicate a considerable impairment in nutri- 
tional status. 

An application of the nutritive index of Cowgill and Drabkin (12), 
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N — Wl/L, in which TI' is tho body weight in gm. and L is the stem length 
or sitting height in cm., leads to a value of 0.414, somewhat less than the 
average value of 0.45. However, the measured stem length of this subject, 
99.8 cm., seems much too high for his height, 183 cm. From the DuBois 
data, Cow^l and Drabkin obtained the following simple expression relating 
height H to stem length S, both being expressed in cm.; S ■= 0.4Sf + 10.5. 
Applied to the cadaver analj'zed, the stem length becomes 83.7 cm., 16 
|)er cent less than that observ'ed. The latter value is 5.7 times the aver- 
age deviation of calculated stem lengths from measured ones and is highly 
significant statistically if the distribution of stem lengths is symmetrical. 
The difficulty in measuring stem length in a lifeless body ma}* be responsible 
in large part for the 16 per cent discrepancy between e.xpected and obsen'ed 
stem lengths. If the stem length is taken as 83.7 cm., the nutritive index 
becomes 0.494, being quite within the normal range. 

If adequate data on well nourished human subjects were available for 
comparison, the water and fat content of the specimen analyzed should 
be indicative of general nutritional status. The total water content of 
67,85 per cent is higher than many values reported in the literature, but is 
lower than some: the source or antecedents of most of these values are 
obscure. Prom a study of old German analyses, Albu and Neuberg (13) 
estimate the average water content of adult man to be 58 per cent. Mc- 
Quarrie (14) in his review of water metabolism in health and disease states 
that “Varying somewhat with the amount of fat present, the body of the 
adult contains between 58 and 65 per cent water.” Molescbott (15) gives 
the water content of a 30 year-old man weighing 63.6 kilos as 67 .6 per cent- 
The water content of a man weighing 65 kilos is estimated by Skelton (1 ) 
from previously published German data as 63 per cent. This is practic y 
the same as the value given by Shohl (9), 63.1 per cent. Lavietes ri o . 

(17) arrive at a higher value, 70 per cent, on entirely different evi cnee. 
In an unpublished experiment on forced urea feeding, the urea was oun 
to distribute itself throughout approidraately 70 per cent of the body neig 
of a normal subject, and in later experiments on the water exchange 
humans, an assumption that the water content of the body is 

the body weight permitted good agreement between change in ^ 

predicted on this basis and the observed changes in weight, own 

(18) sponsors a higher water content of the adult of 75 to 80 \ 

The fat content of 12.5 per cent for the cadaver analyzed ^ 

waV between the unbelievably low value of 2.5 per cent given } 
schott (15) and Shohl’s estimate (9) of 19.5 per cent. In the 
other comparable data on man, it may not be out of order 
Shohl’s value of 19.5 per cent fat would represent a consi era 
fattening in a fully sexed male farm animal. 
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The nutritional status with reference to minerals of the subject of this 
experiment may be assessed by considering the weight of skeleton and the 
composition of skeleton and selected bones. The fresh skeleton, exclusive 
of hgaments, weighed 10,017 gm., equivalent to 14.84 per cent of the total 
body weight. Volkmann’s subject (see above), weighing 62.5 kilos, pos- 
sessed a fresh skeleton weighing 10,164 gm., or 16.3 per cent of the body 
weight. Whether this skeletal w'eight included ligaments is not knoivn. 
Scammon states : “Together, the bony and cartilaginous skeleton forms from 
15 to 20 per cent of the total body weight at birth. Its post-natal growth 
proceeds parri passu with that of the body as a whole and, so far as our 
rather meagre statistics show, the proportions between the skeleton and 
body weight which exist at birth remain practically imchanged. The 
absolute post-natal increase in the weight of the skeleton, like that of the 
body as a whole, is roughly twenty-fold” (19). In a later publication from 
Scammon’s laboratory, Wilmer (20) reports that the fresh ligamentous 
skeleton accounts for 17.60 per cent of the body weight of the new-bom as 
well as of the adult. 

The composition of the skeleton of our subject, and of the tibia, ulna, 
and rib analyzed separately, is summarized in Table II.“ It will be noted 
that the different bones differed quite definitely in chemical composition, 
as Weakley and Dustman (21) found to be true for the different 
skeletal parts of the lower animals. This means that the composition of 
the skeleton carmot be estimated from that of an individual bone, as 
Nicholls and Nimalasuriya (6) have done, and probably others also. It 
is obvious that the fat and water contents of different bones vary widely, 
and probably that different skeletons equally well calcified may differ 
greatly in these respects. Comparisons of the composition of skeletal parts 
from different bodies, therefore, are best made on the dry, fat-free basis. 

According to Huggins (22), “normal mature bone contains on the average 
somewhat less than half its weight of water and anything up to 25 per cent 
fat,” these constituents varying within wide limits, depending upon the 
specific bone, the age, state of nutrition, and species. "The composition 
of the dry, fat-free matter is more imiform, being roughly 30 to 40 per cent 
organic and the remainder inorganic material.” The bones analyzed in 
this experiment all fall within these very general specifications, except that 
some ivere somewhat drier and the tibia was considerably richer in fat. 
The skeleton of Volkmaim’s man contained 22.11 per cent ash as com- 
pared with 28.91 per cent for our specimen. Wolff and Kerr (23) analyzed 

'Other measurements on the ulna, tibia, and rib, respectively, are as follows; 
maximum length, in cm., 27.85, 40.7, 30.3; minimum diameter, in cm., 1 J5, 2.25, 0.55- 
density by water displacement (determined on the fresh intact bone with all adhering 
tissue removed), 1.32, 1.31, 1.50. 
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several bones from a case of chronic fluoride poisoning, and reported the 
results on the drj', fat-free (alcohol and ether-extracted) bone. The total 
ash on this basis was 65.01, 65.51, and 66.84 per cent for the tibia, ulna, 
and sixth rib, respectiveb", as compared with 66.34, 64.00, and 57.54 for our 
specimen, the last value relating to the ninth rather than the sixth rib. 
The percentages of calcium in the ash of the fluorofic bones were abnormally 
high, bemg 45.10, 44.6S, and 43.75, respectivelj', and the phosphorus con- 
tents were somewhat high, also, i.c., 17.60, 17.81, and 17.22. 

Eadasch (24) determined the content of organic matter in ether-e.xtracted 
compact bone from postmortem subjects. This material contained no 
i>eriosteum, cancellous tissue, or marrow. For subjects from 20 to 60 
years of age, the average content of organic matter for femur, tibia, and 
fibula was 34.46 per cent, the content of inorganic matter thus being 65.54 

Table III 


Per Cent Composition of Bone Ash 


Bose 



R&tio, 

OitP 

Aut^onQr 

Humerus . . 

35.67 

16.01 

2.29:1 

Gabriel (25) 

Hibs 

1 3S.SO 

' 27.41 

2.24:1 

! Gassmana (26) 


37.0S 

16.95 

2.19:1 

Loll (27) 

Humerus . 

36.31 

15.43 

^ 2.35:1 

Funaoka and Shirakawa (2S) 

V'arious bones . 

' 35.06 

15.16 

! 2.31:1 

Element (29) 

Tibia 

37.96 

I6.S2 

2.26:1 

This experiment 

L’ina 

39.37 

17.06 

2.31:1 

(1 

u 

Rib 

3S.97 

16.60 

' 2.35:1 

«i 

ft 

Entire skeleton 

3S.12 

16.72 

2.2S:l 

cc 

<c 


per cent. The tibia described in Table II, including all parts of the bone, 
contained 66.34 per cent ash on the drj’, fab-free basis. 

Table III contains values published in the literature on the calcium an 
phosphorus content of the ash of human bones, in comparison with those 
secured on bones anal 5 'zed in this experiment. 

From a consideration of all of these comparisons of measurements 
on the cadaver of this experiment with those of similar material repo e m 
the literature, there is no reason to suspect that the sjKcimen at our 
posal was malnourished in any respect. It must be admitted, 
that comparable material is small in amount and variable *^ion 

Bearing on Biochemistry of Groicth — Growth consists of the 
within the body of the j'oung animal of organic and inorganic^ ^arehi- 
essential to protoplasmic functioning or to the development o an 
tectural structure determined by its hereditayj' ^u^mptabob'c 
substances are derived from the food supplj’, either directly or J 
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transformation, and they are deposited within the tissue cells or in the 
intercellular material, the former process durmg extrauterine growth in- 
volving mainly increase in cell size rather than increase in cell number. 
The chemical reactions involved in this enlargement of a young organism 
according to a predetermined pattern, and the factors involved in the 
termination of the process when a predetermined adult size is reached, arc 
a fascinating field of biochemistry. But its practical aspects relate to the 
quantitative measurement of the day to day accretions of nitrogen (pro- 
tein), energy, minerals, etc., since these accretions, when measured under 
appropriate experimental conditions, determine the requirements of net 
dietary nutrients for maximum growth. 

IMitchell and Curzon (8) attempted to estimate the daily accretions of 
calcium in the case of the growing child on the basis of admittedly inade- 
quate data. With the information now at hand on the composition of the 
adult human body, another attempt will be made in this section of the 
papter. However, in the absence of all direct information on the composi- 
tion of the human body between birth, or shortly thereafter, and maturity, 
the attempt will represent more an illustration of method rather than the 
attainment of definitive values. 

The growth data of Meredith (30) for boys from 5 to 17 years, ^ inclusive, 
extrapolated at both ends of the growth period to conform to a birth weight 
of 3.49 kilos (31) and a weight at 20 years of 67.0 kilos, were found to be 
satisfactorily described by a fifth degree equation, IF — 3.49 -f- 7.7876t — 
l.GUSt’ -f- 0.1799r - 0.0078G3i' + 0.0001165t‘, in which IF is the body 
weight in kilos and t is the age in years. The maximum deviation of 
weights estimated by this equation from the observed data is —7.5 per- 
cent at 1 year of age and all other deviations are less than 5 per cent (see 
Table IV). Differentiation of this equation wDl give the rate of growth 
in kilos per year at any age 1. 

The changing calcium content of the growing boy’s body was expressed 
by a fourth degree equation, based upon the assumption (o) that the calcium 
content at birth is 0.8 per cent (32), (6) that that in the adult is 1.6 per cent, 
and (c) that the change from the infantile to the adult percentage occurs 
progressively throughout growth, but more rapidly when growth is more 
rapid. The equation thus derived follows: IF = 28 + 86.828t — 16.- 

* In this article, Meredith reviews the evidence in the literature and adds evidence 
of his own concerning secular changes in the weight and height of children. He con- 
cludes: “Altogether it appears to be reliably established that the average stature and 
weight of white children living in the United States and enrolled at public or private 
schools has increased during the last half century.” It is a relief to find concrete 
evidence that changing food habits in this country are not undermining health, con- 
trary to the belief frequently expressed in official circles, based upon less specific 
evidence and an inept use of experimental and statistical data. 
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ol05f 4- 1J625^^ — 0.041 14f®, in whicli is the weight of calcium in gm. 
in the child’s body and t the age in years. Differentiation of this equation 
will give the rate of accretion of calcium in gm. per year. Table D' con- 

Table IV 


Growth of Boys in Body Weight and Calcium Content 


Age 

Body weight 

Caldom 

contentt 

Doily accretion 

Caicium 
contest of 
giias in 
weight 


Cal - 

culatedf 

Des'iatlon 

In body 
weights 

j In c^citnnS 

Total 

Per tilo 
body weigh 

yrs. 

* r . 


ftr etni 

tm. 

tm. 

mg . 

mg - 


0 

3.49 

3.49 

0 

28 





1 

10.6 

9.84 

- 7.5 


13.9 

160 

16.3 

1.15 

2 

13.7 

13.9 

1.5 


8.9 

105 

7.6 

I.IS 

3 

16.0 

16.6 

3.8 

179 

5.9 

70 

4.2 

1.19 

4 

17.6 

18.4 

4.5 

201 

4.5 

53 

2.9 

1.18 

5 

19.1 

20.0 

4.2 

219 

4.3 

50 

2.5 

1.16 

6 

22.0 

21.7 

- 1.4 

239 

4.9 

60 

2.8 

1.22 

7 

24.4 

23.7 

- 2.8 

264 

6.1 

79 

3.3 

l.SO 

S 

27.5 

26.2 

- 4.7 

297 

7.6 

105 

4.0 

1.3S 

9 

30.4 

29.2 

- 3.9 

341 

9.1 

135 

4.6 


10 

33.3 

32.8 

- 1.5 

396 

10.5 

167 

5.1 


11 

36.5 

36.8 

1.1 

463 

11.6 

197 

5.4 


12 

39.5 

41.2 

4.3 

539 

12.3 

223 

5.4 

1.81 

13 

44.0 

45.8 

4.9 

624 

12.5 

242 

5.3 

1.94 

14 

49.9 

50.3 

0.8 

715 

12.1 

251 

5.0 

2.07 

15 

55.0 

54.6 

- 0.7 

806 

11.3 

249 

4.6 

2.20 

16 

59.6 

5 S .5 

- 1.8 

894 

9.9 

231 

3.9 

2.33 

17 

62.6 

61.8 

- 1.3 

973 

8 .S 

196 

3.2 

2.23 

18 

64.5 

64.4 

- 0.2 

1035 

6.1 

141 

2.2 

2.31 

19 

66.0 

66.3 

0.5 

1073 

3.9 

63 

0.95 

1.62 

20 

67.0 

67.3 

0.4 

1078 

1.8 





* Growth data of Meredith (30) euppleraented for ages less than 5 yeats and more 
than 17 by the earlier data of Bayley and Davis (33) and by data selected b> Bro y 


f Calculated from the equation, W — 3.49 + 7.7S761 — I.614SP + 0.17991 
0.007863t‘ + O.OOOllOSts, in which IF = body weight in kilos and t = age 
t Calculated from the equation, IF = 2S + S6.S2S< — 16.5105!* + 1- 
0.04114{‘, in which H' = body calcium in gm. and I = age in years. 

§ Obtained by differentiation of equation given in ffoot-note. 
ii Obtained by differentiation of equation given in |foot-note. 

tains the estimated rates of calcium accretion expressed in mg- per daj o® 
in mg. per kilo of body weight. The last column of Table IF con ^ 
estimated calcium content of the daily accretions in body veig 

different ages considered. These values are quite in line with sun a 
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obtained for rats, chickens, and lambs cited by Mitchell and Curzon ((8) 
Tables 4 and 5), taken from experiments in n-hich animals were actually 
analyzed at different stages of growth. 

The estimated accretions of calcium per day in the body of the growing 
male child listed in Table IV for boys of different ages from birth to 20 
years are quite similar in absolute magnitude to the estimates of Shohl 
(9) obtained by an analogous method. Expressed per kilo of body weight, 
the values in Table IV are generally smaller because of a different age- 
weight relationship. Both sets of data, however, integrate to nearly the 
same total of 1.0 to 1 .1 kilos of calcium at maturity. 

The results of calcium balance experiments upon children at different 
stages of growth generally indicate higher daily accretions of calcium than 
those listed in Table IV. For example, Sherman and Lanford ((35) Table 
8) have published average retentions of calcium for different age intervals, 
and all of them, except for the 10th to the 15th year, are considerably higher 
than the values in Table IV. However, they integrate at 15 years to a 
total, 1247 gm., larger than we have found in the adult body and equivalent 
to 2.3 per cent. They give also average calcium retentions compiled by 
Macy, probably from more recent data. This series of values integrates 
to a total of 1418 gm., equivalent to 2.0 per cent of the adult body weight. 
The calcium balances of children selected by Leitch (7) are muchhi^er and 
lead to an estimate of 3.6 per cent of calcium in the adult. 

The possible causes of the discrepancies between the two methods of 
estimating daily accretions of calcium by the grorving child are discussed 
by Mitchell and Curzon (8). It seems fair to conclude that the gross errors 
of the balance method all operate to increase the estimated calcium reten- 
tion, The difficulties in securing calcium balances in a growing child that 
represent growth requirements do not seem to be commonly realized. At 
any given time calcium may be retained in a bone either as a stage in its 
orderly development at a rate that has been unimpeded by the food supply, 
or as a recuperative process imposed upon normal bone growth by a prior 
period of inadequate food supply. The latter quota is not a legitimate part 
of a net requirement of calcium for bone growTh, because it would not exist 
under conditions of continuous fully adequate nutrition, and its existence 
following a period of inadequate nutrition will terminate when recuperation 
is complete. 

The way in which a bone grows would seem to confuse the interpretation 
of calcium balances, at least in short periods of observation. Maximow and 
Bloom (36), in discussing the internal reconstruction of growing bone, 
say: "Inside the gradually increasing mass of a growing bone, changes are 
constantly taking place throughout its entire period of development even 
to the adult stage. These consist of the formation of new lamellae by the 
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osteoblasta and, at the same time, of destruction and digestion of the 
recently formed areas of bone tissue, the formation of other new layers, 
and so on.” 

The technical errors in a calcium balance study relate mainly to a complete 
collection of excreta. To the extent that excreta are lost, the calcium bal- 
ance is fictitiously high. No attention is ordinarilj’' paid to the dermal 
loss of calcium. Bryant and Talbert (37) found calcium as a normal con- 
stituent of sweat. They reported the presence of from 5 to 10 mg. of cal- 
cium per 100 cc. of sweat, in 83 samples analyzed. Freyberg and Grant 
(38) were unable to detect calcium in the skin secretions of normal humans 
when sweating is avoided. However, in our laboratory^ we have found 
calcium in dermal excretions under comfortable environmental conditions, 
equivalent to a loss of 4 to 6 mg. per hour over the entire body. Sweat 
always contains calcium but in highly variable concentrations from less 
than 1 mg. per cent to 8 or 9. Under conditions of profuse sweating, the 
dermal loss of calcium may range from 10 to 20 mg. per hour in normal 
adults. The extent of this loss in children should be studied. 

The method for calcium illustrated above may be extended to protein, 
energy, and phosphorus. Terroine (39) has applied essentially the same 
method to a determination of the net protein requirements of the child. 
Obviously, in any consideration of nutritive requirements estimated by this 
or any other method, the great variability of indixdduals must be realized 
and the adaptation of the individual to a restricted food supply, as illus- 
trated by Nicholls and Nimalasuriya (6) for calcium, cannot be neglected. 
Such estimated requirements are useful as guides in child feeding, but they, 
are of little value as “yardsticks of good nutrition.” It is a statistic! 
absurdity to judge the nutritive status of large communities, even an entue 
population of 136 million people, by average experimental results obtained 
upcm a mere handful of subjects, whose variation is of the order of 20 to 
25 per cent. 


SUMMARY 

The chemical composition of the body of a noi-mal adult human, 35 
years of age, has been reported, with reference to moisture, ether extrac , 
protein (N X 6.25), total ash, calcium, phosphorus, and gross 
Individual analyses of the skeleton, musculature, skin, and many visce 
organs are reported. _ . -.v 

The data from this material have been considered in connection i 
requirements of calcium for grondh on the reasonable as^mption a 
integration of calcium accretions during the grow-ing period w-il equa 
calcium content of the adult organism. 

> Mitcbell, H. H., and Hamilton, T. S., unpublished data. 



MITCHELL, HAMILTON, STEGGERDA, AND BEAN 


637 


Grateful acknowledgment is made to Miss Marjorie Edman for valuable 
assistance in locating the literature on the subjects discussed. 

BinLIOGRAPHY 

1. Aron, H., Biochcm. Z., 12, 28 (1908). 
r 2. Hackh, I. W. D., J. Gen. Physiol., 1, 429 (1919). 

' 3. Vernadsky, W., Rev. gin. sc., 34, 42 (1923). 

✓ 4. Vernadsky, W., Compl. rend. Acad., 179, 1215 (1924). 
tS. Gilbert, A., and Postemak, S., Aerlzl. Rundschau, 16, 398 (1905). 
j 6. Nicholls, L., and Nimalasuriya, A., J. Nulr., 18, 563 (1939). 
jCl. Leitch, I., 'kulr. Abstr. and Rev., G, 553 (1937). 

8. Mitchell, H.H., and Curzon, E. G., Actualitds scientifiquea etindustrielles, Paris, 
' No. 771 (1939). 

' 9. Shohl, A. T., Mineral metabolism. New York (1939). 

^10. Larson, C. E., and Greenberg, D. M., J. Biol. Chem., 123, 199 (1938). 

. 11. Edwards, T. I., Am. J. Hyg., 36 , 307 (1942). 

^ 12. Cowgill, G. E,., and Drabkin, D. L., Am. J. Physiol., 81, 36 (1927). 

^ 13. Albu, A., and Neuberg, C., Physiologie und Pathologie des MineralstoEfwechsels, 
Berlin (1906). 

-14. McQuarrie, I., J. Pedial., 3, 539 (1933). 

4 15. Moleschott, J., Physiologie der Nabrungsmittel, Ein Handbuch der DiStetik, 
Giessen, 2nd edition (1859). 

* 16. Skelton, H., Arch. Int. Med., 40, 140 (1927). 

if'17. Lavietes, P. H., D’Esopo, L. M., and Harrison'fH. E., J. Clin. Invest., 14, 251 
(1935). 

*18. Rowntree, L. G., Physiol. Rev., 2, 116 (1922). 

*19. Scammon, R. E., in Abt, I. A., Pediatrics, Philadelphia (1923). 

*20. Wilmer, H. A,, Proc. Soc. Exp. Biol, and Med., 43, 345 (1940). 

» 21. Weakley, C. E., and Dustman, R. B., West Virginia Agr. Exp. Sta., Bull. S94 
(1939). 

' 22. Huggins, C., Physiol. Rev., 17, 119 (1937). 

* 23. Wolff, W. A., and Kerr, E. G., Am. J. Med. Sc., 196, 493 (1938). 

•424. Radasch, H. E., Anal. Rec., 21, 153 (1921). 

*25. Gabriel, S., Z. physiol. Chem., 18, 267 (1894). 
e 26. Gassmann, T.’, Z. physiol. Chem., 70, 161 (1910). 
f27. Loll, W., Biochem. Z., 136, 493 (1923). 

*28. Funaoka, S., and Shirakawa, S., Acta schol. med. univ. imp. Kioto, 13, 250 (1931). 
*29. Element, R., Naturwissenschaflen, 26, 145 (1938). 

'* 30. Meredith, H. V., Am. J. Phys. Anlhrop., 28, 1 (1941). 

"31. Meredith, H. V., and Brown, A. W., Human Biol., 11, 24 (1939). 
r" 32. Coons, C. M., Oklahoma Agr. Exp. Sta., Bull. 8BS (1935). 

33. Bayley, N., and Davis, F. C., Biomelrika, 27, 26 (1935). 

* 34. Brody, S., Missouri Agr. Exp. Sta., Res. Bull. lOi (1927). 

* 35. Sherman, H. C., and Lanford, C. S., Essentials of nutrition, New York (1940). 

' 36. Maximow, A. A., and Bloom, W., A textbook of histology, Philadelphia (1931). 

! 37. Bryant, J. E., and Talbert, G. A., Proc. Am. Physiol. Soc., Am. J. Physiol., 97, 
509 (1931). 

' 38. Freyberg, R. H., and Grant, R. L., J. Clin. Invest., 16, 729 (1937) . 

““ 39. Terroine, E. F., Quart. Bull. Health Organization, League of Nations, 6, 427 (1936). 




THE ADSORPTION OF RIBOFLAVIN ON FLORISIL 

By SAUL H. RUBIN and ELMER De RITTER 
{From (he Nuirilion Laboratories, Hoffmann-La Roche, Inc., Nulley, New Jersey) 

(Received lor publication, February 26, 1945) 

Since florisil was introduced by Ferrebee (1) in tbe determination of 
urinary riboflavin and applied to food assay by Conner and Straub (2), it 
has achieved wide-spread usage in riboflavin methodology. The efficacy 
of florisil for quantitative adsorption of riboflavin from natural extracts 
has, however, been questioned recently. In a series of collaborative assays 
of bread and flour, Andrews (3, 4) reported large variations in the results 
of the individual collaborators and indicated (4) that variations in the 
efficiency of different lots of florisil were partially responsible. It has been 
shown in this laboratory (5) that, even with florisil of a high degree of 
efficiency, the results on a large variety of foods and feeds still tend to be 
low, as judged by comparison with the results of microbiological assay of 
the same substances. 

Two explanations have been advanced recently (6, 7) to account for 
the low results by florisil procedures. Hoffer, Alcock, and Geddes (6) 
attributed low results on flour extracts to incomplete adsorption of ribo- 
flavin per se on florisil and demonstrated that complete adsorption required 
the use of two or more successive columns of florisil. The efficiency of 
adsorption was sho^vn to be dependent upon the particular lot of florisil 
used and also upon the concentration, volume, and clarity of the extracts 
from which riboflavin was adsorbed. On the other hand, Rosner, Lemer, 
and Garmon (7) interpreted the partial adsorption of riboflavin from ex- 
tracts of natural products as being due to non-adsorption of combined 
riboflavin. Enzymic treatment resulted in complete adsorption of the 
riboflavin, which they interpreted as a consequence of the formation of 
free riboflavin. 

The present report is concerned with experiments which bear on both 
these explanations. A study has been made of the efficiency of adsorption 
on florisil of (1) free riboflavin, (2) combined riboflavin (as phosphate and 
monosuccinate esters), and (3) naturally occurring riboflavin (in yeast 
and liver extract). The effects of concentration and of enzymic treatment 
on adsorption efficiency have also been studied. Both fluorometrio and 
naicrobiological measurements have been used to determine the distribution 
of the riboflavin. 
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EXPEHaiENTAL 

The fiorisO (30 to 60 mesh) used in all experiments was prepared as recom- 
mended by Ferrebee (1). Adsorptions were carried out in tubes which 
gave a column of florisil 14 cm. long by 6.5 cm. in diameter. RiboSavin 
extracts were prepared in 0.1 k sulfuric acid and adjusted to pH 4.5 with 
2.5 M sodium acetate before adsorption on florisil. 40 ml. of 20 per cent 
pyridine in 2 per cent acetic acid were used for the elution of riboSavin 
from each column, eluates being then diluted to 50 ml. with water before 
fluorometry. Blank readings w'ere taken after reduction of riboflavin with 
10 to 20 mg. of solid sodium hydrosulfite. The use of the solid hydrosulfite 
introduced no difficulties for the types of materials examined. 


Table 1 

Adsorption of Pure Riboflavin _on Florisil 


Riboflavin pat on florisil coloma 

Yotume ol aliquot 

Riboflavin is eloata 

y 

' mL 

1 per ant 

5 

20 

100 

5 

60 

100 

5 

100 

101 

10 

40 

100 

20 

40 

100 

25 

50 

100 

25 

100 

95 

50 1 

1 

SO 

98 


Fluorometry was carried out in a Pfaltz and Bauer fluorophotometer, 
model B, fed by a special constant voltage line. The current also pa^ 
through a voltage stabilizer, insuring a high degree of reproducibility. 
Moreover, the use of a glass riboflavin secondary standard permit 
frequent, rapid checking of instrument settings. _ 

Adsorption of Pure {“Free") Riboflavin — ^To determine the efficiency o 
adsorption of pure riboflavin on the florisil used in the present expenmen , 
graded amounts were placed on florisfl at the dilutions shown in ® ® ‘ 
Each column was w’ashed ivith 25 ml. of hot water before elution. n e 
these conditions, as much as 50 -y of riboflavin were recovered quanti a n e . 
At greater dilutions of the higher levels of riboflavin, the efficiency ropp 
off somewhat. 

It is apparent that pure ribofiardn is readily recovered quan i ^ 
from florisil in amounts which are much greater than the 7 
placed on a column in the course of the usual assay. In a 
experiments, the aliquot for adsorption contained about o y ” 

Adsorption of Combined Riboflavin — Riboflavin phospha an 
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monosuccinate were made available to us by Mr. G. J. Haas through the 
kindness of Dr. M. F. Furter. The phosphate was prepared by esterifica- 
tion of riboflavin with phosphorus oxychloride, according to Kuhn and 
Rudy (8), and was about 80 per cent pure. The difficulties involved in 
obtaining pure riboflavin phosphate by tins synthesis have been pointed 
out b5' Karrer, Frei, and Meerwein (9). The preparation was nevertheless 
useful in the present experiments. The succinate was prepared by esterifi- 
cation of riboflavin with succinic anhydride and was practically pure; 
traces of disuccinate may have been present. 

25 mg. of each preparation were dissolved in slightly acidulated water, 
care being taken to avoid hydrolysis of the compounds. The solutions 
were buffered at pH 4.5 and further diluted. Fluorometric measurement 
showed the riboflavin content of the phosphate and succinate to be 79 and 

Table II 

Adsorption of Riboflavin Esters on Florisil 
All values are given as percentages of the initial amount of riboflavin (placed on 
the first column). 


Compound 

Adsorbed on 
drst fiorisil 
column 

1 1 

In filtrate of 

1 first colunm 

Adsorbed on 
second column 

Riboflavin pKnHpbat.ft 

— 

mm 

mmmm 


HI 






• 25 ml. of solution containing 3.4 y of riboflavin were placed on the column. 
1 25 ml. of solution containing 4.8 y of riboflavin were placed on the column. 


96 per cent, respectively, of the theoretical values. 25 ml. aliquots were 
placed on florisil and washed with 25 ml. of hot water, with the relative 
results shown in Table II: the phosphate was adsorbed to the extent of 86 
per cent of its ribofla\dn content and the succinate to the extent of 96 per 
cent. The filtrates (drippings from the columns, including the wash water) 
were passed through second florisil columns, which, as shown in Table II, 
completely removed the residuum of riboflavin which escaped adsorption 
on the first columns. 

It is apparent that these riboflavin esters are adsorbed fairly completely 
on florisil. These data argue against the hjTJothesis of Rosner el al. (7) 
that combined riboflavin is not adsorbed by florisil. 

Adsorption oj Naturally Occurring Riboflavin — ^Two high potency ma- 
terials, Fleischmann’s yeast (No. 200-B) and Wilson’s liver extract (Frac- 
tion B), were chosen for this phase of the work, in order that the adsorption 
experiments might not be overly complicated by the phenomena which 
affect the adsorption of low potency foods (c/. Hoffer et al. (6) on the effects 
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of the concentration, volume, and clarity of flour extracts on adsorption). 
As assayed by our fluorometric method (6), the 3'east contained 79 -j' 
per gm. of riboflavin, while the liver extract contained 256 7 per gm. The 
corresponding microbiological values, obtained bj'- the method of Snell 
and Strong (10) as modified bj' Strong and Carpenter (11) and Bauernfeind 
et al. (12), were 75 and 257 7 per gm. 

In order to determine the effect of the conccnlralion of riboflavin, extracts 
of both products were prepared at the extraction ratios shov\'n m the second 
column of Table III, so that aliquots of 6 and 50 ml., respectively, repre- 

Table III 

Adsorption on Florisil of Riboflavin from Extracts of Yeast and Liver Extract 

Riboflavin values are given as percentages of the amount placed on the first col- 
umn of florisil. 



CoQcentra'* 

Aliquot on 


Kibofiavtn 

adsorbed 

Kibofiavin 
in filtrate 
of first 
column 

Riboflavin 
adsorbed on 

Extract 

tioQ of 
extract 

first fiorisil 
column 

Eniyme treatment* 

on first 
ilorisil 
column 

second 

florisil 

column 


im. per IDO 
m/. 

ml. 





Yeast 

1 

6 

None 

82 





6 

S% clarase 

97 





6 

S% polidase 

96 


16 


0.12 

50 

None 

SI 

18 



50 

5% clarase 

82 

18 

15 



SO 

5% polidase 

91 

0 

8 

Liver 

0.33 1 

6 

None 

87 

10 




0 

5% clarase 

98 

2 




6 

5% polidase 

99 

1 

18 


0.04 

SO 

None 

75 

25 



so 

5% clarase 

88 

11 

8 



50 

5% polidase 

96 

6 

6 


* 2 hours at 45°. 


sented equal weights of sample and contained approximately 5 y ot ribo- 
flavin. The effect of enzyme treatment was also observed at both extrac- 
tion ratios by comparing untreated extracts with extracts which were 
digested with 5 per cent clarase or 5 per cent polidase at 45° for 2 hours. 
19 and 25 ml, of wash ivater were used for the 6 and 50 ml. aliquots, respec 
tively, making the total volume of filtrate 25 and 75 ml., respectively. 

It is apparent from the data in Table III that adsorption is more e cien 
from the smaller (6 ml.) aliquots than from the larger (50 ml.) ^ 

irrespective of whether or not enzyme treatment is included. 
treatment did increase the efficiency of adsorption, which is prac ica 
complete for clarase and polidase in the more concentrated extrao s, 
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not in the dilute extracts. It was noted that digestion ^vith these enzymes 
resulted in greater clarity of the extracts after filtration at pH 4.5. By 
comparison of the last two columns of Table III, it ^vill be seen that most, 
but not all, of the riboflavin present in the filtrate of the first florisil column 
was adsorbed on the second column. 

Microbiological assays showed that the fluorescent matter in the filtrates 
is actually riboflavin, good agreement being obtained between fluorometric 
and microbiolo^cal assays of these filtrates. It should also be noted that 
the sum of riboflavin adsorbed on the florisil column and the amoimt found 
in the filtrate of that column always adds up to practically 100 per cent 
(within the range of analytical error). As an illustration of the values 

Table IV 


Typical Riboflavin Balance Experiment on yeast SOO-B 


Fraction 

FlnoTomttric 

1 Microbtoiosical 


y Ptr fffi. 

79 

[ ftr cent* 
100 

y per cm. 

75 

per unt* 

95 


55 

70 


23 

29 

26. 6t 
82t 

33 

Eluate + filtrate 

78 

99 

104 



* All percentage values are based on the fluorometric value of 79 y per gm., which 
is considered 100 per cent. 

t The 24 hour turbidimetrio value was 26 y per gm. and the 72 hour titrimetric 
value was 27 y per gm. 

t Fluorometric value for eluate used in calculating this total. 

observed, a typical balance experiment in Avhich both types of assay meth- 
ods are employed is shown in Table IV. 

DISCUSSION 

It is evident from these experiments that riboflavin is adsorbed with 
greater ease from simple solutions than from extracts of natural substances, 
even when the latter are high potency sources of riboflavin, such as yeast 
and liver. That the efficiency of adsorption can be even poorer for low 
potency substances has been demonstrated by Rosner et al. (7) and by 
Hoffer ct al. (6), and has been illusti-ated (5) by comparative fluorometric 
and microbiological assays of a large variety of low potency foods and 
feeds. 

Rosner et al. (7) have sought to explain the poor adsorption by postulating 
that combined riboflavin is not absorbed on florisil, whereas free riboflavin 
is. The following considerations argue against this conception. 

1. The phosphate and succinate esters used in the present experiments 
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were readily adsorbed on fiorisil (Table II). Kiboflavin probably occurs 
in heated acid extracts of plant substances largely as free riboflavin and 
riboflavin phosphate. The experiment with riboflavin phosphate may 
therefore be considered as simulating an analytical set-up. The experiment 
with the succinate serves largely as a model of the behavior of another 
o'-substituted ester. 

2. Riboflavin which escapes adsorption on a single column of fiorisil 
can be adsorbed on successive columns. In the case of yeast and liver 
(Table III), practically all the riboflavin which appeared in the filtrate of 
the first column was adsorbed on the second column. In the case of low 
potency flour extracts, Hoffer el al. (6) showed that from one to four 
columns might be required, depending upon the batch of fiorisil and the 
extraction ratio, but that eventually complete adsorption can be attained. 

3. Enzyme treatment does not necessarily result in complete adsorption 
on a single column (Table III). The fact that improved adsorption did 

- occur in many cases after enzj'me treatment can be explained equally well 
on the basis of the greater clarity of the extract (6) as on the basis of hydrol- 
, ■ of combined to free riboflavin and adsorption of the latter (7). It 

^should be emphasized that enzyme treatment is a desirable step in ribo- 
flavin assay. 

Our experiments support the conclusions of Hoffer et al. (6) that, for a 
given lot of fiorisil, the efficiency of adsorption depends upon the concentra- 
tion, volume, and clarity of the extracts. Since the quantitative influence 
of these factors varies for substances of different composition and riboflavin 
potency, it appears desirable to avoid the use of fiorisil unless it is clearly 
established that no losses are incurred for the particular type of sample. 

SDMMAET' 

1. Riboflavin is adsorbed more efficiently by fiorisil from simple solutions 
than from extracts of high potency sources such as yeast and liver. The 
use of fiorisil in the analysis of these natural materials may cause errors 
ranging up to 30 per cent. 

2. The factors influencing the adsorption include the clarity, volume, 

and concentration of the extracts. , . 

3. Combined riboflavin, in the form of riboflavin phosphate or riboflavin 
monosuccinate, is readily adsorbed on fiorisil. 
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THE THIAMINE CONTENT OF PIG BLOOD* 
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(Received for publication, February 8, 1945) 

The normal concentration of thiamine in the blood of human subjects 
has been determined by several investigators. In most instances an 
average value of the order of 8.0 to 9.0 y of thiamine per 100 ml. of whole 
blood has been found (1, 2). Goodhart and Sinclair (2) have reported a 
value of 5.7 y per 100 ml. for the ox and the considerably higher value of 
20.2 y per 100 ml. for the pigeon. Schultz et al. (3) have found a value of 
7.0 7 per 100 gm, of rat blood. 

Since the thiamine content of the muscle tissue of the pig is normally 
much higher than that for the same tissue in other species, it is reasonable 
to expect that the thiamine content of pig blood would also be much higher. 
Similarly, because the thiamine content of muscle tissue in the pig may 
vary according to the amount of thiamine in the diet (4), the thiamine 
content of the blood should be related to the thiamine content of the diet 
or, more directly, to the thiamine content of the muscle tissue. Informa- 
tion on these points is given in this report. 

EXPEKIMENTAL 

In order to determine the average normal concentration of thiamine, 
samples of blood were obtained from pigs receiving common herd rations. 
Some of the thiamine values represent pigs in the semifasting state, the 
blood samples having been taken at the time of slaughter from animals 
which had received no feed during the preceding 24 hours. In addition, 
non-fasting values were obtained from samples taken within 3 or 4 hours 
after the pigs had received a regular feeding. The blood samples were 
obtained from the anterior vena cava by the method of Carle and Dew- 
hurst (5) . Some of the blood samples were obtained from pigs fed ordinary 
fattening rations, the thiamine contents of which were not determined. 
However, most of the blood samples were taken from pigs receiving experi- 
mental diets of known thiamine content. In several instances pork sam- 
ples were also obtained from these pigs. 

In order to determine the effect of feeding relatively large amounts of 

* Authorized for publication as paper No. 1269 in the Journal Series of the Penn- 
sylvania Agricultural Experiment Station. Supported in part by a fellowship grant 
from Swift and Company. 
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thiamine upon the concentration of th/amine in the blood, dailj' individual 
doses of crj’stalline thiamine n-ere administered orally to three groups of 
pigs. Each of a group of four pigs vas given 25 mg. of thiamine for 7 daj’s, 
and each pig in a similar group received 50 mg. of thiamine for the same 
period. Each of three pigs in a third group received 50 mg. of thiamine 
for a period of 11 days. Blood samples were taken before the thiamine 
feeding began and at regular intervals thereafter. 

Thiamine was detennined by a modification of the thiochrome method 
of Hennessy and Lewis (6). The method was modified in an attempt to 
reduce the hematin-catal}'zed destruction of thiochrome by alkaline fern- 
cyanide, as described by Owen, Weissmann, and Eerrebee (7). 5 ml. 
samples of whole, oxalated blood were pipetted into 40 ml. portions of I 
per cent acetic acid contained in 100 ml. volumetric flasks. The samples 
were heated at the temperature of boiling water for 10 minutes. After 
cooling, 0.3 gm. of taka-diastase in aqueous solution was added to each 
flask, and the samples were allowed to incubate at 45-50“ for at least 2 
hours. 40 ml. of 10 per cent trichloroacetic acid were then added to each 
flask, and the samples were allowed to stand for about 30 minutes. The 
pH was adjusted to about 4.5 with 2.5 m sodium acetate, the volume was 
made up to 100 ml., and the e.\tracts were filtered. From this point the 
details of the published procedure were followed. Results were reproduci- 
ble within d=15 per cent. A moderate decrease in the destruction of thio- 
chrome was obtained with the modified procedure. 

DISCUSSION 

The results of the investigation are summarized in Table I and Fig- !• 
Although a wide range of values was encountered in several of the groups, 
the standard errors of the mean values are well within the limits of the e.v 
perimental error. 

The normal concentration of thiamine in the blood of the pig appears 
to be about twice as high as that reported for human subjects. The 
value found for thirteen pigs in the semifasting state was 17 y of thiamme 
per 100 ml. of whole blood. The mean blood thiamine value for nine non 
fasting pigs was 21 y per 100 ml. The difference between these values is 
statistically significant and suggests tliat the concentration of thiamme in 
the blood fluctuates during the progiess of digestion in a manner sim ar 
to that of blood glucose and other substances. , 

In general, the concentration of thiamine in the blood becomes ig 
as the thiamine content of the diet is increased. In addition, there appe 
to be a rather direct relationship between the thiamine con ten o 
muscle tissue of the pig and the concentration of thiamine in t e 
The data for Group 7, Table I, show clearl}’^ that when the tissue s or 
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large the blood tlriamine level is high, even though the daily thiamine 
intake has been at an average level for some time. Similarlj', in Group 8, 
although the daily thiamine intake was high, the tissue stores and the 
blood level of thiamine were only slightly above average. The relatively 
low tissue storage of thiamine in the latter animals is considered anomalous, 
as discussed elsew hcre.^ 


Table 1 

Concenlralion of Thiamine in Normal Pig Blood and Its Relation to Thiamine Content 
of Diet and to Thiamine Content of Muscle Tissue 


Croup 

No 

DescripUon <oi ration 


No. of 

Thiamine per 100 ml. 
vk hole blood 

1 Average 
thiamine 

sample 

mah 

Range 

Mean 

Stand- 

ard 

error 

1 pet 
fresh lorn 

1 tissue 





y 

y 

y 

y 

1 

Herd ration of unknown 
thiamine content 

Fasting 

13 

11-21 

17 

0.8 

t 

2 

<( << 

Non-fasting 


16-21 

19 

0.8 


3 

Herd ration containing 1.68 
mg. thiamine per lb. feed 

<1 

D 

! 22-24 

23 

0.4 


4 

Herd ration containing 1.75 
mg. thiamine pet lb. feed 

Fasting 

S 

16-20 

18 

1.2 

10.7 

5 

Grain ration + legume pae- 
ture 

<< 

1 

D 

15-17 

16 

1.0 1 

12.8 

6 

Herd ration + peanut skins 
or 50 mg. thiamine per 
day 

f< 

1 

B 

25-35 

2^ 

1 

2.3 1 

1 

19.4 

7 

Herd ration + SO mg. 
thiamine for 35 days; then 
no extra thiamine for 35 
days prior to slaughter 

H 

3 

26-30 

1 

28 ' 

1.2 

19.3 

8 

Herd ration + 60 mg. 
thiamine for 84 days 

Non-fasting 

3t 

19-28 

23 


12.4 


* Also included in Group 1. 

t A total of ten determinations on samples of 3 succeeding days. 


The influence of 7 days of feeding relatively large amounts of thiamine 
on the thiamine content of the blood is shown in Fig. 1. The level of 
thiamine in the blood increased rapidly during the period of administration 
of the vitamin, and decreased just as rapidly after the extra thiamine was 
discontinued. When the vitamin was fed for a period of 11 days (results 
not shotvn), the maximum blood level values attained were no higher than 
those reached within 5 to 7 days, 

* Pence, J. W., Miller, R. C., Butcher, It. A., and Ziegler, P. T., unpublished data. 
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There are several points of difference in the results obtained in this in- 
vestigation and those obtained with human subjects. Benson et d. ( 1 , 8 ), 
Youmans et at. (9), and other workers have found that the concentration of 
thiamine in human blood bears little relationship to the state of saturation 
of the tissues. Only in cases of severe thiamine deficiency does the blood 
level of thiamine fall below the normal range. In a deficient human sub- 
ject, the administration of thiamine will cause the blood level to rise to 
normal values, but in mildly deficient or normal subjects an increase in the 
thiamine intake will not lead to higher blood thiamine values. Najjar and 
Holt ( 10 ), among others, report that when relatively large amounts of 



Fia. 1. The effect of feeding 25 (solid dots and line) and SO mg. (dear circles and 
broken line) of crystalline tfiiaroine daily for 7 days upon the thiamine conten o 
pig blood. 


thiamine are injected into human subjects the blood level rises to very ig 
values, but returns to normal within a few hours. 

The authors have shown' that the pig has the ability to accumulate arg 
amounts of thiamine in muscle tissue quite rapidly. With an inta 'e o 
mg. of thiamine per day a maximum storage is obtained within ’ 
the thiamine content of these saturated tissues being nearly twice as 
as that obtained from an average thiamine intake. Thus, if a ig “ 
of thiamine is continued long enough to increase the storage o t ® ^ • 

in the muscle tissue materially, the concentration of thiamine m e 
will remain above normal even though the intake has been re uce 

data for Group 7, Table I). ... . 5 , v,indmavbe 

Within limitations, the concentration of thiamine m e ° r^j,g 
used as a rough index of the storage of thiamine in the muse e 
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pig. The storage of e.\tra thiamine in the muscle tissue is indicated by an 
elevated blood thiamine value, provided that any substantial increase in 
the daily intake, immediately prior to sampling, has been of sufficient 
duration to have exerted its full effect upon the storage of this vitamin in 
the muscle tissue. 


StIMMAJRY 

The nonnal concentration oi thiamine in the hiood oi pigs ^vas found to 
be 17 and 21 y per 100 ml. for semifasting and non-fasting pigs, respectively. 
These values are approximately twice as high as those reported for nonnal 
human subjects. 

A rise in the blood thiamine level to approximately 30 7 per 100 ml. of 
whole blood occurred -within a week when pure crystalline thiamine was 
fed in daily amounts of 25 or 50 mg. 

The concentration of blood thiamine in the pig is directly related to the 
amount of thiamine in the diet and to the thiamine content of the muscle 
tissue. 
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STUDIES ON CHOLINESTERASE* 

I. ON THE SPECIFICITY OF THE ENZVME IN NERVE TISSUE 

By DAVID NACHMANSOHN juid MORTIMER A. ROTHENBERG 

(Prom the Dcpartincn(s of Neurology and Biochemistry, College of Physicians and 
Surgeons, Columbia Vnicersily, New York) 

(Received for publication, February 10, 1945) 

Recent investigations have provided evidence that the release and re- 
moval of acetylcholine is an intracellular process directly connected with the 
nerve action potential. The experiments suggest that the ester renders the 
neuronal surface permeable to all ions and thereby depolarizes the mem- 
brane (1-4). This concept is based mainly on studies of the enzyme 
cholmesterase. Three essential features are (a) the high concentration of 
the enzyme in nen'ous tissue, a concentration sufficiently high to make 
possible a rate of acetylcholine metabolism which parallels that of electric 
changes; (6) the localization of the enzyme at the neuronal surface where 
the bioelectrical phenomena occur; and (c) the parallelism between the 
enzyme activity and the voltage of the nerve action potential. 

In these investigations it was assumed that the enzjTnc studied is a 
specific enzyme and that the substrate metabolized is acetylcholine (ACh). 
Only if this is the case is it justifiable to draw conclusions from the concen- 
tration of an enzyme as to the possible rate of the metabolism of the sub- 
strate or its function in the cell. It appears necessary, therefore, to ascer- 
tain the properties of cholinesterase and, in order to test the new concept of 
the rdle of ACh in the mechanism of nervous action, to establish the identity 
of the enzyme in the variety of tissues that were used . The results obtained 
are to be described in this paper and others to follow. 

Methods 

The enzyme activity has been measured in the same way as described in 
previous papers (5, 6). The tissue is homogenized in ice-cold buffer ac- 
cording to the technique described by Potter and Elvehjem (7). The 
enzyme activity is then determined manometrically in aliquot parts of the 
homogenate or of the supernatant fluid after centrifugation. The buffer 
contains Na([)l in 0.15 m, MgClj in 0.04 m, NaHCOa in 0.025 m final concen- 
tration. Mg has been chosen as the divalent ion required for cholinesterase 
activity, since it is more effective than Ca (8). The total volume of the 
fluid in the main compartment is 3.0 ml. The substrate is placed in the 

* Tlus work baa been aided by grants of the Josiah Macy, Jr., Foundation and the 
Dazian Foundation for Medical Research. 
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side buib in 0.1 ml., its final concentration after the mixing being about 
0.015 M (see below). 

The determinations with tissues of warm blooded animals were carried 
out at 37°, mth those of cold blooded animals at room temperature (21-23°). 

Restdts 


Cholinesterase is, by definition, the enzyme which has the function of 
hydrolyzing ACh. This choline ester is present in tissues, and its presence 
may be detected in perfusion fluids following nerve activity. 

As the ester linkage in ACh shows no peculiarity, it must be assumed that 
it can be broken by other esterases which are widely spread in the organism, 
This was already pointed out by Stedman, Stedman, and Easson (9). For 
the same reason, it appeals improbable that cholinesterase is so highly 
specific that no other ester linkage is attacked by it. Specificity in this case 
must be e.\'peeted to be only relative, not absolute. Cholinesterase, in con- 
trast to other esterases, should hy'droly'ze the particular substrate ACh at a 
higher rate than othei' esters, but it may split other esters as well, only at a 
lower rate. In order to ascertain such a relative specificity of an enzyme, it 
is necessary to compare the rates of hydrolysis of different esters. Only 
then may a picture be obtained enabling a proper distinction of the enzyme 


studied. 

Choline esters closely related to ACh but with longer acyl chains appeared 
to be suitable compounds for testing the specificity. The rates of 
hydrolysis of propionyl- and butyrj’lcholine were compared to that of ACh- 
Among the many other known clioline esters, carbaminylcholine and acet^y - 
P-methylcholine were tested, since both have pronounced phannacologica 
actions and are therefore of interest. Besides these choline esters, the ra 


of hydrolysis of benzoylciioiine was studied, since it has recently been re- 
ported not to be split by brain esterase (10). The hydrolysis of all t ese 
esters by cholinesterase has been investigated repeatedly, the most com 
plete study being that of Click ( 1 1 ) . The reasons why some of the previous 
investigations appear unsatisfactory will be discussed later. 

Among the known non-choline esters, tributynin and methy - u jra 
hydrolysis were also investigated. These two esters were first use 
Stedman cl al. (9) and later by other investigators in studies on c sp 


ficity of cholinesterase (12, 13). , . . 

Cholinesterase in Nerve Tissue — Those tissues were selected " . 

essential in the previous studies of Nachmansohn and associa j 

the basis f or the new concept of the rdle of ACh in the mectoism on 
action; (1) Mammalian brain. During the years 1937-39, i ^ 

‘ We are greatly indebted to Dr. H. M. Wuest of Hoffmnnn-La Roche, 
preparation of the.sp compounds for tlieae investigations. 
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lished that the concentration of cholinesterase in brain is sufficiently high to 
split significant amounts of ACh during 1 millisecond, i.c., the duration of 
the passage of a ncrvm impulse (6). (2) The abdominal chain of lobster. 
It has been shown with these fibers which are not myelinated that the con- 
centration of cholinesterase rises 200 to 400 per cent in those regions where 
synapses are located (14). (3) Neiwe fibem of the squid containing the 
giant axon. In experiments on the ^ant axon of squid it has been demon- 
strated that cholinesterase is localized exclusively at the neuronal surface, 
whereas the axoplasm has practically no cholinesterase activity (15). (4) 
The electric organs of Torpedo and Eledrophorus ckdricus. In experiments 
on these organs, a quantitative parallelism was found between the voltage of 
the action potential developed in these organs and the activity of 
cholinesterase (16, 17). 

In the studies on the concentration of cholinesterase in brain, it was found 
that Ae concentration varies considerably in the different centers and dif- 
ferent species, although remarkably constant for each center and each 
species (6). Therefore, not only brain tissue of several species has been 
used but also two tissues of the same brain but from different centers have 
been compared: cortex with a low and nucleus caudatus with a high con- 
centration of cholinesterase. 

Table I srunmarizes the data obtained. All these neiwe esterases show 
essentially the same pattern. No substrate tested is split at a rate higher 
than ACh. Propionylcholine is split either at about the same or a lower 
rate. Butyrylcholine is split at a rate much lower than ACh or even not at 
all (by the enzyme of electric tissue). Of the two pharmacologically active 
esters, carbaminylcholine and acetyl-fi-methylcholine, the first is not split 
at all, the latter at a rate considerably lower than that obtained -with ACh 
as substrate. The rate varies usually between 30 and 60 per cent of that of 
ACh. None of the esterases of nerve tissue splits benzoylcholine. The 
data obtained with carbaminylcholine are not recorded, since this compound 
is not split either by these or by any other esterase tested. 

The non-choline esters, tributyrin and methyl butyrate, are not split by 
the cholinesterase of the electric tissue and of the invertebrate nerve tissue. 
The extract from the mammalian brain does split these esters but at a low 
rate. Although this is compatible with the assumption of a relative speci- 
ficity as defined above, it is possible that in mammalian brain some 
unspecific esterase exists besides cholinesterase. Some data obtained with 
the enzymes of nucleus caudatus and cortex of ox are in favor of such an 
assumption. Tributyrin is not split by the cholinesterase of nucleus 
caudatus but apparently is split by that of the cortex. Such a result ap- 
pears surprising, for it is difficult to assume that the properties of cholin- 
esterase in the same brain should differ in two different centers. Since the 
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concentration of cholinesterase is high in the nucleus caudatus, the extract 
has to be diluted 10 to 20 times more than that of the cortex in order to get 
adequate amounts of enz 3 ’me into the manometric vessel. The lack of 
hj’drolysis of tributyrin by the extract of the nucleus caudatus could be due 


Tabi.k I 

iVcnc Esterase; Rate of Hydrolysis of Different Substrates by Various Eerie Tissue 

Extracts 


(Pr = propionyloholine, Ba = butyrylchoUne, Mo = acetyl-P-methylchoHne 
(mecholyl), Be = benzoylcholine, Tr = tributyrin, Mb = methyl butyrate). (?ACh 
iq always 100. 


Specie^ 

Tissue 

■ 

ACh 

hydrolysis; 
COi in 

20 mm. 

i 


B 

BH 

11 

ill 

XIM 

O.Mb 



Wf. 

cpim. 





> 


■Rat 

Brain (whole) 

150 

49 

104 

19 

38 

0 





170 

70 

113 

22 

43 

0 





140 

137 





41 

11 



140 

125 





47 

11 

Mouse 

a u i 

9G 

106 

98 

12 

53 

0 

38 

n 

Ox 

Nucleus 

3S 

113 

75 

25 

31 

1 

1 

16 


caudatus i 









<< 

Cortex j 

104 

84 

94 




43 

25 



200 

163 

76 

15 

35 

1 



Cat 

Nucleus 

25 

122 

79 

14 

42 

0 

1 

0 


caudatus 









Torpedo 

Electric 

2 

117 

33 

0 

23 

0 

0 



organ 


137 

30 

0 

30 

0 

0 


Electrophorus 

n it * 

2.7 

257 

97 

1 

22 

0 

0 


electricus 










Lobster 

.\bdominal 

31 

43 

75 

14 

66 

0 




chain 

31 

31 

91 

17 

81 

0 


g 



30 

124 






Q 

Squid j 

Ganglion 

2 

105 

51 

17 

53 

0 

0 


ti 

Fiber! 

204 

77 


48 





. — 


* Freshly homogenized tissue, not centiifuged. 
f Containing the giant axon 


to the insufficiency of the unspecific enzy'me to produce an effect, 
in contrast to the cortex, in which the dilution is not as great. _ 

In order to test this assumption, the hydrob'sis of tributyrin i 
measured with equal weights of homogenized nucleus caudatus an co 
ox. In this case the rate of hj’drolysis of tributyrin is exactly e sa^ 
both tissues. As an example, the data of one experiment are S*'® ^ 

c.mm. of COz were developed in 20 minutes by 244 mg. of nuc eus 
and 155 c.mm. of COj bj' 238 mg. of cortex. 
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It is not impossible that with larger amounts of other ner\'e tissues other 
esterases may be detected also. This is obviously irrelevant for the prob- 
lem investigated here. 

Purified and Unpurified CiwlinesUsrase — In view of this observation, the 
question may arise whether the pattern found for nerve esterases could be 
due, to some extent at least, to the presence of small amounts of other 
esterases. It appears, therefore, of interest to test the properties of a 
purified preparation of cholinesterase. 

Such a preparation has been described by Nachmansohn and Lederer 
(18) . The electric organ of Torpedo inarmorata was used as material. The 
enzyme in this organ, as shown in the preceding paragraph, is specific 
cholinesterase. This is therefore the first purified preparation which can be 
considered as cholinesterase. Serum esterase, which was previously used 
as material for purification by Stedman, Stedman, and Easson (9) and later 
by other investigators, does not contain esterase specific for ACh (see 
below). 

In the preparation obtained by Nachmansohn and Lederer, 1 mg. of 
protein was able to split 100 mg. of ACh per hour. With the electric tissue 
of EhcirophoTUS electricus the purification of cholinesterase has been con- 
tinued to a degree at which 1 mg. of protein splits 3000 mg. of ACh per hour. 
In order to obtam a notion of the degree of purity, it may suffice to say that 
in fresh horse serum 1 mg. of protein splits about 0.5 mg. of ACh in 60 
minutes. The methods of purification and the physical and physico- 
chemical properties of this purified enzyme will be described in a separate 
paper. 

Table II gives the rate of hydrolysis obtained with this purified prepara- 
tion No. 710. Also, another preparation is described, 1 mg. of which splits 
1400 mg. of ACh per hour (Preparation 217). With all substrates used the 
rate of hydrolysis with both preparations is identical with that obtained 
nith the fresh homogenate recorded in Table I. There the homogenized 
electric tissue was put directly into the manometric vessel, in the same way 
as in the experiments in which the parallelism between voltage and enzyme 
activity was established. The identity of the two patterns is of particular 
significance in view of this parallelism. Since after purification to such a 
high degree the enzyme still shows the same properties, the results are con- 
sistent with the conclusion that the enzyme determined in these investiga- 
tions is really exclusively cholinesterase. The concentration of this 
enzyme, therefore, may well be used as an indication of the rate of the 
metabolism of ACh, and the parallelism between cholinesterase concentra- 
tion and voltage established becomes particularly pertinent. 

Unspecific Esterase — In order to establish the (Merence between cholin- 
esterase and other esterases, three tissues were studied in which there was 
no reason to assume the presence of cholinesterase other than that small 
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fraction due to the presence of nerves. Liver, kidney, and pancreas were 
selected. The data obtained are recorded in Table III. 

The pattern differs distinctly from that of cholinesterase. In contrast to 
nerve esterase ACh is not the compound split at the highest rate. 
Propionyl- and butyrylcholine are split more rapidly. The kidney esterase. 

Table II 

Purified Cholinesterase from Electric Tissue of Electrophorus electricus; Rate of 
Hydrolysis of Different Substrates 

Abbreviations of substrates as in Table I. 1 mg. of protein of Preparation 217 
splits 1400 mg. of ACh per hour and in Preparation 710, 3000 mg. of ACh per hour. 
QaCh = 100. Qne, Qxt, and Qms are zero with both preparations. 


Preparation No. 

ACh hydrolysis; COj 
in 20 min. 

Op, 

Obu 


e.mm. 



217 

104 

101 

3 

710 

107 

109 

1 


Table III 

Tissue Esterases; Rate of Hydrolysis with Different Substrates 


Abbreviations of substrates as in Table I. Oacb = 100. 




Equivalent 

ACh by- 






Ojib 

Species 

Tissue 

weight of 
tissue per 

drolysis; 

in 

Opr 




Oxr 



vessel 

1 

20 min. 




■1 


- 



mg. 

c.mm. 







Rabbit 

Liver 

152 

69 

145 

135 

52 

34 





775 

207 


124 


11 

19 

0 



324 

126 

128 


69 




355 

159 




68 

13 

3 

Guinea pig 

Pancreas 

12 

128 

194 

231 

2 

24 



26 

237 


171 

4 

61 

23 




12 

1 143 

215 





40 



10 

86 





149 

68 

It (t 

Kidney 

102 

264 

12 
i 51 

270 

415 

372 

0 

224 

240 

26 



320 

45 

208 

327 

12 

137 


30 


or esterases, splits butyrylcholine even at a higher rate than propion 
choline and about 300 to 400 per cent faster than ACh. „ 

choline is split at a low rate by the esterases present in kidney an 
whereas the enzyme of the liver splits this compound at a rate compa^^^^^ 
to that observed for cholinesterase. Benzoylcholine is ^ \vtract. 

enzymes; at a conspicuously high rate, however, by rat ey 
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Carbammylcholine is not attacked at all, neither by cholinesterase nor by 
the other esterases tested thus far. 

Tributyrin and methyl butyrate are hydrolyzed at a rate which is only 
one-fourth to one-third that of ACh. Here again are two exceptions: kid- 
nej' extracts split tributyrin at a rate similar to that of ACh; rabbit liver 
extract seems to have little or no action on methyl butyrate. 

The effects observed with different tissue esterases are not as uniform as 
with the cholinesterase of nen'e tissues. This is not surprising. For 
cholinesterase ACh is the ph 5 "siological substrate. The physiological sub- 
strate of the other esterases is unknown and is most likely not the same in 
the different organs. It appears probable that there exist a variety of 



Nu: 

CAUD 

ox 


ACH PR BU 


ME BE TR 


M B 



Fig. 1. Pattern of cholinesterase (nucleus caudatus of ox) in presence of different 
substrates compared to that of an esterase (kidney) not specific for acetylcholine. 
The columns represent the Q of the substrates, the Q of ACh being 100. Abbrevia- 
tions are as in Table I. 

esterases and possibly a mixture. All the substrates used are not physiolog- 
ical compounds, except ACh, and serve here only as a means of distinction. 
In spite of all variations, there is a general pattern which distinguishes all 
other esterases from cholinesterase. The use of one or two compounds is, 
however, not sufficient and any rigid statement should be avoided in the 
case of an enzyme with relative specificity. But if a number of substrates 
are tested, a satisfactory answer may be obtained to the question of whether 
or not an enzyme is specific cholinesterase. In Fig. 1 two typical patterns 
are reproduced which demonstrate the contrast between cholinesterase and 
other esterases. 

Esterases in Human Blood — Blood serum has been used in much of the 
work on cholinesterase, both in specificity studies and in investigations on 
variations of the enzyme activity in various physiological or pathological 



660 


CHOLINESTEHASE. I 


conditions, especially in disorders of nen'ous function. Stedman el al. (9) 
found that horse serum, after purification by means of ammonium sulfatp 
precipitation, changes its ratio of activity towards esters of simple alcohols 
and eholine esters respectively, the latter being split at a relatively higher 
rate by the purified enzyme. Butyrylcholine was split by both preparations 
at a higher rate than ACh. The authore considered this purified prepara- 
tion a specific cholinesterase and different from the enzjnne splitting ali- 
phatic esters. The existence of two different esterases has been confiimed by 
Richter and Croft (13). Using a great variety of choline esters and other 
substrates. Click (11) tested the specificity of cholinesterase on unpurified 
horse serum and arrived at the conclusion that the enzyme tested is un- 
specific. 


Table IV 

Esterases in Human Blood Serum and Red Blood Cells; Rate of Hydrolysis with Diffei cut 

Substrates 


Abbreviations as in Table I. The serum was diluted about fifteen to thirty times, 
the hemolyzed red blood cells about SO times. OACh = 100. 



In human plasma Vahlquist (12) was imable to separate the esterase sp i • 
ting ACh and the aliphatic esters. He concluded from his observations t a 
in human plasma the same enzynne is responsible for the hydrolysis o a i 
phatic and choline esters and that there is no evidence for a specificity o is 
enzyme towards ACh. Applying different kinds of evidence, Easson an 
Stedman (19) and Richter and Croft (13) all arrived at the same conclusion, 
that in human serum only one esterase is present. , 

In Table IV are recorded the data obtained with human serum 
the different substrates to distinguish between specific and ® ^ 

terases. The pattern obtained is that of the enzymes not spec c or 
This is in agreement with the conclusion of Vahlquist. 

Alles and Hawes have provided evidence that the esterase pre^ 
human red blood cells differs from that in serum in severa respec 
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AccotdiDg to Uvcbter and Croft the cholinesterase of human blood cells is 
completely specific in its action on ACb, the activity towards tributyrin and 
methyl butyrate being less than 3 percent of that towards ACh, in contrast 
to the semm esterase. The figures recorded in Table IV show that the 
hydrolysis pattern of red blood cells is similar to that of cholinesterase, al- 
though uith some small, probably insignificant, deviations. This speci- 
ficity is in agreement with the conclusion of Richter and Croft. The phy- 
siological significance is at present not clear. 

Musch Bstera&c — It is possible that propagation of an impulse in muscle 
is similar in nature to that in nerve fiber. It is therefore of interest to know 
nhether the esterase present in muscle is cholinesterase. 

Nerve-free parts of cat and rabbit gastrocnemius have been used as 
material. If only slices near the upper and lower surfaces of the middle 

Table V 

Esterase tn Striated and Heart Muscle; Rate of Hydrolysis with Different Substrates 


Abbreviations as in Tabic I. The tissue is homogenized, but not centrifuged. 
<?ACh = 100. Bcnzoylcholine is not hydrolyzed by any of these preparations. 


Species 

1 

1 

1 Muscle 

1 

i weight of 
i tissue per 
, vessel 

AO) 

1 hydrolysis; 

1 CX>}^ia 

1 90 tnln. 

1 

<?Bu 


Cat . . 

Gaatrocnemius (nerve-tree) 

1 mti 

376 

! cnm. 

60 

2 

27 

Rabbit ' 

r< (( «( 

376 

89 

15 

40 

Ox 

Heart (apex) 1 

310 

64 

41 I 

21 


i 

320 1 

78 1 

33 1 

40 


part of the interior section are taken, the muscle tissue is practically free of 
nerves and nerve endings, as shown previously (21). Microscopic controls 
were made. The data obtained indicate that the enzyme is cholinesterase 
(see Table V). This is also the case with esterase present in the apex of ox 
heart muscle. 

The concentration of cholinesterase in muscle fibers is low (22), but the 
conducting surface per unit of weight is small. As repeatedly emphasized, 
the presence of a specific enzyme alone does not permit any conclusion as to 
its function; only in connection with other facts may an interpretation 
become possible. But it permits the assumption that the substrate has a 
function in the cell, whereas the absence of the enzyme would make such an 
assumption unlikely. 

Oplimal Suhsirate Concentration of Cholinesterase — Mamay and Nach- 
mansohn found, in 1937, the optimal concentration of ACh for the mano- 
metric determination to be close to lO'^ m (22). In controls carried out 
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repeatedly Since then with a great variety of nerv'e tissues, this substrate 
concentration was always found to be close to the optimum. With lower 
substrate concentrations the rate of hydrolysis decreases rapidly. If the 
rates are plotted against the logarithm of the molar concentration, an S- 
shaped curve is obtained. This is in agreement with the observations of 
Michaelis and Menten on the interrelationship between enzyme activity 
and substrate concentration (23). With a concentration higher than 2 X 
10“® M the rate of hydrolysis decreases. This depressing effect, with sub- 



Fig. 2. Rate of hydrolysis of ACh by cholinesterase of various nerve tissues as 
a function of substrate concentration. Ordinates, c.nun. of COi liberated in 15 or 20 
minutes; abscissae, log of molar concentration of ACh. O whole brain (mouse), 
H cortex (o.v), A nucleus caudatua (ox), + squid ganglion, 9 Preparation 217. Puri- 
fied enzyme from electric organ. 

strate concentration above the optimum, has already been observed in the 
case of other enzymes. The values obtained for the rate of ACh hydrolysis 
by cholinesterase of various nerve tissues as a function of substrate con- 
centration are recorded in Fig. 2, 

The depressing effect with concentrations above the optimum seems to be 
less pronounced and not regular if other esterases are used. Fig. 3 shows 
that the pancreas esterase activity is not depressed and even increases 
slightly at the highest concentration used. Liver esterase, on the otl^ 
hand, is depressed, although less markedly than cholinesterase. A mark^ 
difference is also obsenmd between serum esterase and cholinesterase of o 
red blood cells, as shown in Fig. 4. This has been described by AUes nn 
Hawes (20). Their values obtained with red blood cells are close to t ose 
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Fig. 3. Kate of hydrolysis of acetylcholine by blood esterases as function of sub- 
strate concentration. Abscissae and ordinates arc as in Fig. 2. O red blood cells; 
-1- serum. 



Fig. 4. Rate of hydrolysis by tissue esterases (rabbit liver and guinea pig pancreas) 
as function of substrate concentration. Abscissae and ordinates are as in Fig. 2. 
O pancreas; -F liver. 

recorded here. In the case of serum esterase, the rate of hydrolysis as a, 
function of substrate concentration increases more rapidly in the ex- 
periments described here. The difference may, however, be due to the 
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fact that not only the method used but also the experimental conditions 
differ in several respects. 

In these observations, the enzyme concentration is adequate for the 
manometric method used and is therefore always of the same order of 
magnitude. In most cases about 60 to 120 c.mm. of COj are liberated in 
15 to 20 minutes ^vith optimal substrate concentration. With other 
methods, a different enzyme concentration may be more adequate and may 
lead to a shift of the optimal substrate concentration. 

Mendel and Rudney (24) recentlj' claimed to have evidence for the exis- 
tence of a pseudocholinesterase as distinguished from the true cholin- 
esterase. According to these authors, there is “a decisive difference 
between the two esterases, calling for a sharp distinction.” The pseudo- 
cholinesterase exhibits its maximum activity at high concentration of ACh 
(above 300 mg. per 100 ml. = 2 X 10“* m); the true cholinesterase displays 
its maximum activity at low substrate concentrations (below 3 mg. per 100 
ml. = 2 X 10“^ m). These results of Mendel and Rudney are in contrast 
to the facts described here and to all previous results of Nachmansohn and 
associates. They appear to be due to the adoption of conditions unsuitable 
for the method used; the values for the rate of hydrolysis by the true cholin- 
esterase are obtained in a 2 minute period after addition of the substrate to 
the enzyme ((24) Table VII). During that period thermal equilibrium is 
not yet reestablished and the values are meaningless. This difference of 
enzyme activity at low and high concentrations, which is the essential dis- 
tinction between “pseudo” and “tine” cholinesterase, thus seems to be 
l)aselos.s. 

DISCUSSION 

The most important result of the data presented is the evidence 
enzyme in the various nen*e tissues on which the physiological role of A 
was studied is a specific cholinesterase. Thus, the conclusion appears 
justified that the enzyme activities determined may be used as an in ca 
tion of the ACh metabolism. The observations therefore lend furt er K 
sential support to the new concept of the role which ACh may have in e 
mechanism of nervous action. _ ^ ,. i 

This concept has been criticized by Click (25) ah' being a t eore i 
structure” on the ground that there does not exist a specific cho ines r 
and that, therefore, the enz 3 Tne activities studied do not peimit any c^^ 
elusion concerning ACh metabolism. Click’s statement is ® 

specificity studies in which unpurified horse serum was 
results described by previous investigators, no specificity cou e ex 
in that case. The rates obtained with the different su s ra 
esterase in human serum described above are in agreement ui 



D. NACHMA.NSOHN AND M. A. ROTHENBEBG 


665 


tained by Click \vith horse serum. But it is difficult to see what connection 
this material should have with the mechanism of nervous action. Since, 
according to the new concept, the release and removal of ACh are considered 
as an inlraccllular process, only the esterase present in nerve tissue is of 
interest. 

It is remarkable that the cholinesterase in all nerves is not only specific 
for ACh but seems to have similar properties, whatever the source of the 
material may be, mammalian brain or invertebrate nerv'e or electric organ 
of fish. It is, of cour.se, possible that with a greater v’ariety of substrates 
some difference may be detected. Other properties, among them, for in- 
stance, the action of ions or the affinity to drugs, may also vary according 
to the materia! used. The study of these problems is being carried out and 
will be described in papers to follow. The patterns obtained are sufficient 
to warrant the special nature of the esterase of nerves, in which ACh is 
known to be the substrate, in contrast to the esterases in other tissues in 
which the substrates are unknown, 

SUMMARY 

1. By testing the action of an esterase on a number of substrates, a 
pattern may be obtained which makes it possible to distinguish the specific 
cholinesterase from other esterases. The main feature of cholinesterase is 
the fact that no other siibstrate is split at a higher rate than ACh. If pro- 
pionylcholine is the substrate used, the rate may still be the same; some- 
times it is lower. With butyrylcholine it is always markedly lower or some- 
times near to zero. Acetyl-P-methylcholine is split at a lower rate, 
carbarainylcholine and benzoylcholine not at all. Esters of simple alcohols 
are hydrolyzed either at a low rate or not at all. 

2. The other esterases probably present a variety of enzymes and their 
pattern is therefore less uniform. But all show definite differences if com- 
pared with cholinesterase and may hereby be easily distinguished. ACh 
is not the compound which is split at the highest rate. 

3. The esterase in all neiwe tissues is either exclusively or predominant!}' 
cholinesterase. Those nerve tissues have been tested which in previous 
studies had provided evidence for a new concept of the role of ACh in the 
roechanism of nervous action; mammalian brains of different species, ab- 
domin.aJ chain of lobster, squid ganglion and axon, and electric tissue of 
fish. 

4. No difference is found between the properties of the esterase of f reshl}- 
homogenized electric tissue and that obtained after purification to a high 
degree. This supports the view that the parallelism between voltage and 
enzyme activity observed in electric fish indicates a parallelism between 
voltage and ACh metabolism. 
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5. Obsers’ations of previous investigators are confirtned that the esterase 
in human serum is unspecific, and that in the red blood cells is specific for 
ACh. 

6. The esterases in striated and heart muscle both free of nerve endings 
show a pattern t3"pical of cholinesterase. 

7. Some obseiwations are described on the rate of hydrolysis as a func- 
tion of substrate concentration. 
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STUDIES ON BODY COMPOSITION 


I. THE DETEKMIMATIOK OF TOTAE BODY EAT BY MEAKS OF THE BODY 
SPECIFIC GRAVITY* 

By EDITH N. RATHBUNt and NELLO PACEt 
With the Tbchnicad Assistance op Howard E. Hinshaw and Helen Bontin 
{Prom the Naval Medical Research Inslilule, Bclheeda, Maryland) 

(Received for publication, January 11, 1915) 

Recent investigations by Behnke (1) on the physical fitness of military 
personnel have emphasized the importance of fat in body composition and 
function, particularly in relation to the phenomenon of “bends.” Further- 
more, the importance of expressing the various tissue components and func- 
tions on a fat-free basis has been stressed by many workers, e.g. Hastings (2). 

In view of the low density of fat when contrasted with that of the other 
body constituents, some relationship between the amount of fat in an 
individual and his whole body specific graVjity is to be expected. Methods 
for determining corporeal specific gravit^We described by Bohnenkamp 
and Schmah (3), Jongbloed and Noyons (4), and Behnke, Feen, and Wei- 
ham (5). The workers last named consider body density an index of 
obesity. Their method is based upon a water displacement technique and 
appears to be the most simple and reproducible thus far advanced for 
measuring body density in man. 

Tester (6) has Bho^vn that the relationsliip of the oil content (ether ex- 
tract) to a factor based on body specific gravity is linear in herring. Up to 
the present, however, there have been no simultaneous analyses relating 
the body fat content of mammals to their body specific gravity. 

It is apparent that the specific gravity method of determining whole 
body fat requires experimental validation with gravimetric fat analysis. 
We have attempted to do this using guinea pigs, the specific gravity of 
which was determined by water displacement and the fat content by petro- 
leum ether extraction. 


EXPEKIMENTAL 

50 normal male and female guinea pigs with wide variation in weight and 
fat content were selected from stock animals and killed by a blow on the 

* The opinions or assertions contained herein are the private ones of the writers 
and are not to be construed as official or reflecting the views of the Navy Department ' 
or the naval service at large. 

t bieutenant (j.g.), H(W), U. S. N. 11. 
t Lieutenant H(S), U. S. N. R. 
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head. The ^^sce^a were dissected out, leaving only the kidneys and genital 
organs with surrounding fat. The hair was removed with animal clippers. 

Specific gravity was determined on the eviscerated animal by the water 
displacement method. A Harvard trip balance was supported over a tank 
of water and the carcass was weighed in air to the nearest 0.1 gm. By 
means of a long hook attached under the balance the carcass was suspended 
and weighed under water. Care was taken that no bubbles of air were 
trapped in the body. The difference in weight was equivalent to the 
number of cc. of water displaced, and the specific gravity of the animal 
could be calculated readily according to the formula, specific gravity = 
(weight in air)/(weight in air minus weight in water). No attempt was 
made to correct for the density change of water with temperature, as this 
proved to be negligible. 

The complete carcass, including skin, was chopped with a cleaver into 
pieces approximately 1 inch square. Tliis was accomplished more easily 
when the tissue w-as chilled; so before and after chopping, the tissue was 
kept in a refrigerator at —8°. Some drying of the tissue also resulted from 
this step. 

The pieces of tissue were next spread in layers in vacuum desiccatore, 
and the latter were attached to a Stokes cryochem apparatus. By this 
means the tissue was dried under a vacuum and below room temperature 


for 48 hours. 

The presence of much body fat gave a soft oily appearance to the tissue 
even though practically all the water had been removed, and made further 
subdivision of the tissue difficult. Consequently, ■when the body specific 
gravity was found to be below 1.080, some fat was preextracted from the 
dried tissue pieces by allowing them to stand under ether overnight, and the 
extracted tissue residue rr'as redried and -sveighed. The weight of the fat 
extracted was noted and considered in the final percentage. This 
traction of the tissue pieces facilitated their pulverization as descn 


below. _ j 

Attempts at drying the original tissue pieces to constant weight pro' e 
unsatisfactory for dry weight determination. Therefore, the dry 'veig 
values were reckoned as the sum of the fat-free dry weight plus t e o a 
weight of extracted fat. The nine leanest animals in the series 
whose specific gravity was above 1.O80) were not crudely preextracte , m 
the water percentages on these animals were somewhat 
tissue apparently could not be dried as completely' that whic a 


The dried guinea pig tissue, which included the entire skin an .® 
could be ground into a homogeneous powder by putting t e rie 
pieces through a Wiley laboratory mill equipped with a 2 min. m ’ 

and thoroughly' mixing the product. Thus, it was possib e o 
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samples of the entire carcass for the fat analysis. Readily reproducible 
values for fat content could be obtained on dried powder samples of 0.2 
to 0.5 gm. 

Continuous fat extraction was carried out in a Soxhlet apparatus for 
24 hours with petroleum ether (b.p. 35-60°) as the solvent. The fat was 
determined by the difference in weight of the tissue powder before and 
after extraction. Small bags of fiherglas cloth were used to hold the powder 
and these permitted final drj'ing, weighing, extracting, and reweighing 
without transfer of the sample, as well as the simultaneous extraction of 
several samples in one Soxhlet chamber. 

The cloth and thread from which the bags were made were obtained 
from the Owens-Corning Fiberglas Corporation. The bags were approxi- 
mately 1 inch square, stitched on three sides, with a Incite solution applied 
to the cut surfaces to prevent fraying; the open end was closed with a flap 
which was folded over and fastened rvith a fine rvire. This same wire was 
used to suspend the bags from small racks for drying the tissue powder in a 
desiccator. 

The fiberglas material was not hygroscopic and the bags could be dried 
readily to constant weight. The desiccated tissue was found to be some- 
what hygroscopic, but with reasonable care and speed in weighing repro- 
ducible weights could be obtained. 

On twenty-one of the guinea pigs in the series the specific gravity and fat 
content of the viscera, as 'well as of the eviscerated carcass, were determined. 
The viscera were rinsed thoroughly on removal and the entire intestinal 
tract, including the stomach and cecum, was emptied and cleaned. The 
lungs were discarded, since attempts to evacuate them were unsuccessful. 
The specific gravity of the viscera was determined by the water displace- 
ment technique, after which they were dried and analyzed for fat content 
as above. 


RESULTS AND DISCUSSION 

It may be noted from original data taken on the 50 guinea pigs (Table I) 
that the range of specific gravity measurements is from 1.021 to 1.096. 
These values correspond with the extremes noted by Behnke el al. (5) 
for man. , 

The results of the fat analyses show a range of 1.5 to 35.8 per cent of the 
wet weight of the eviscerated carcass. When calculated as the percentage 
of the dry carcass weight, the range is from 5.0 to 66.8 per cent. 

The possible discrepancy introduced by determining specific gravity and 
fat content on eviscerated animals rvas checked by analyzing separately 
the eviscerated carcass and the viscera of twenty-one animals and calculat- 
ing the combined values. The data are plotted in Fig. 1. 

From Fig. 1 it may be seen that the fat content of whole animal is 
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Table I 


Original Data on 50 Guinea Pigs Taken from Laboratory Stock 


Ammal JCo. 

Ses 

Live weight 

Eviscerated, 
wet weight 

Eviscerated, 
dry weight 

! Sp gr 

! 

Total fat 

79 

M. 

gm 

427 

/m. 

292.5 

gm. 

86.0 


grt. 

4.3 

S7 

tt 

720 

496.5 

177.5 


58.0 

8S 

it 

712 

495.7 

162.2 


40.9 

S9 


775 

574.0 

189.4 

I 1.075 

51.1 

90 

tt 

862 

653.5 

237.6 

i 1.067 

87.0 

91 

F. 

863 

558.2 

165.4 

i 1.075 

35.4 

92 

M. 

619 

433.2 

144.8 

' 1.072 

40.1 

93 

F. 

1000 

689.0 

319.5 

1 1.037 

189.5 

99 

M. 

950 

700.0 

294.7 

! 1.048 

146.1 

100 


894 

664.5 

277.0 

■ 1.047 

137.5 

101 

“ 

992 

755.0 

303.3 

1 1.045 

141.5 

102 

tt 

987 

735.0 

343.0 

' 1.033 

187.1 

105 

tt 

590 

423.8 

142.6 

i 1.064 

40.9 

106 

F. 

495 

337.3 

120.1 

1 1.061 

41.1 

107 


661 

435.8 

139.9 

: 1.070 

36.8 

lOS 

tt 

439 

360.5 

126.9 

; 1.063 

38.8 

109 


538 

391.8 

136.1 

! 1.065 

40.7 

114 

M. 

515 

404.7 

143. S 

1 1.0S3 

17.7 

115 

F. 

379 

252.0 

90.9 

1.096 

5.1 

116 

M. 

415 

319.0 

120.3 

I 1.074 

31.4 

117 

tt 

528 

393.0 

138.5 

1.068 

32.8 

118 


483 

335.3 

116.8 

1 1.0S6 

IS.S 

119 


418 

284. 7 

94.0 

1.087 

6.9 

120 


450 

275.4 

96.3 

l.OSO 

14.0 

136 

M 

558 

429.2 

134.5 

1.071 

30.1 

137 


700 

621.6 

207.4 

1.069 

57.6 

138 


327 

228.6 

73.4 

1.083 

11.1 

139 


722 

655.8 

279.7 

1.050 

140.6 

140 


617 

429.6 

147.0 

1.067 

50.9 

141 

M. 

687 

491.4 

166.2 


52.4 

142 

F. 

493 

356.6 

112.4 

1.069 

34.6 

143 

M. 

304 

224.2 

74.1 

1. 088 

7.3 

144 


646 

474.2 

160.2 

1.062 

56.2 

150 


659 

526.3 

196.8 

1.063 

70.4 

151 


393 

305.8 

100.8 

1.066 

27.5 

152 


475 

359.8 

115.4 

1.081 

26.5 

153 

M. 

577 

452.8 

153.5 

1.073 

41.7 

84.5 

91.6 

45.4 

38.9 

24.2 

75.1 

154 

C( 

886 

651.0 

237.3 

1.070 

155 

(( 

775 

580.0 

224.9 

1.065 

156 


649 

493.5 

166.7 

1.077 

157 

(C 

620 

478.4 

165.2 

1.073 

158 

F. 

449 

291.9 

93.7 

1.074 

159 

“ 

660 

480.8 

178.3 

1.059 
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Table I — Concluded 


A&iznal Ko. 

Sex 

Live T, eight 

Evlscerat^, 
wet weiffSt 

Eviscerated, 
dry weight 

sp. gr. 

ToUl fat 




gm. 

gm. 

■■ 

gm. 

160 

M. 

406 

346.9 

115.4 


33.2 

161 


542 

378.2 

135.1 


49.9' 

162 


933 

750.0 

391.6 

1.023 

258.0 

163 


800 

612.2 

277.2 

1.039 

157.2 

164 

M. 

907 

747.0 

371.5 

1.031 

229.3 

165 

F. 

986 

76S.2 

411.8 

1.021 

275.0 

166 

M. 

690 

539.0 

212.0 

1.073 

69.0 


equivalent to that of the eviscerated carcass over the entire range. This 
indicates that fat is probably laid down proportionately in the viscera 
compared with the remainder of the body. 

The case is slightly different with respect to specific gravity. It may be 
seen from Fig. 1 that the slope of the line representing the relationship of 
the whole animal specific gravity to that of the eviscerated carcass is not 
quite unity. This is to be expected, since the specific gravity of the viscera 
is less than that of the whole body. However, as the fat content increases 
the difference is lessened and becomes quite imperceptible. In any case 
the discrepancy is slight, owing to the small mass of viscera relative to the 
carcass, and in the lower range of specific gravity the values on eviscerated 
carcass may be taken as representative of the whole animal. This question 
is further discussed below. 

It should also be pointed out that the hair was clipped from the animals 
and discarded before any measurements except live weight were made. 
Hair was found to represent about 14 per cent of the ori^al live weight 
and must be considered in any in vivo study on fur-bearing animals. The 
hair was removed for several reasons. In the first place, it tended to trap 
air bubbles when the carcass was being weighed imder water, secondly, the 
quantity of hair varied from animal to animal, and thirdly, the cUpped 
animal was more comparable to man. 

The relationship between total body fat per unit body weight and body 
specific gravity is expressed by Fig. 2. As stated by Behnke (1), variations 
in body fat appear to be the chief determinant of body specific gravity. 

It is evident that the body specific gravity increases as the fat content 
decreases, and it can be shoum (Paper II of this series (7)) that this is an 
inverse relationship; consequently, a plot as in Fig. 2 may be expected to 
represent the scatter about a rectangular h 3 rperbola displaced along the 
principal y axis. 

A straight line fit was made by the method of least squares to the experi- 
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B ig. 1. The upper graph represents the per cent fat of the whole guinea pig plotted 
against the per cent fat of the eviscerated guinea pig. The lower graph represents the 
specific gravity of the whole guinea pig plotted against the specific gravity of the 
eviscerated guinea pig. The lines were fitted by the method of least squares. 

mental values of fat content versus the inverse of the specific gravity and 
the equation 

% fat = 100 - d-OOd) 

\sp. gr. / 

represents the least squares hyperbola through the data in Fig. 2. The 
correlation coefficient was computed to be —0.972, and the standard error 
of y on X was 0,0187, or 1.87 per cent in fat content. 
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A theoretical derivation of the relationship between body fat and body 
specific gravity for the erdscerated guinea pig has been de%’'eIoped (7), and 
the curve represented by the theoretical equation also appears in Fig. 2. 
The equation for this cur\'e is 

% fat = 100 — - 4.8S0 ) (2) 

\sp. gr. ) 

It should be noted that the experimental curve is shifted to the left from 
the theoretical cun'e by somewhat more than the standard error of experi- 



Fig. 2. The gm. of fat per 100 gm. of eviscerated body weight are plotted 
against the body specific gra\’ity for the guinea pig. The equations for the lines were 
obtained as explained in the text. 

meet. This may he due to a small undetected constant error in the present 
specific gravity procedure. 

To correct for the shght discrepancy which exists between specific gravity 
of the en'seerated animal and that of the whole animal, a theoretical equa- 
tion for the whole guinea pig has also been derived (7) and may be written 

% fat = 100 - 5.031^ (3) 

A comparison of the fat content, given in Table I, of the male guinea 
pi^ with that of the female guinea pigs was made on a fat-free body wet 
weight basis. The seven largest males, on the fat-free basis, were omitted 
in order to make the comparison over the same range of weights. The 
mean fat-free weight for the females was 378.9 gm., and for the males 388.8 
gm. The mean fat content for the females was found to be 14.5 per cent, 
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and that for the males 9.8 per cent. The difference was statistically 
significant, and appeared to be greater with the larger animals; i.e., the 
larger females tend to contain more fat in proportion to the corresponding 
males than in the smaller size group. 

In view of the fact that the specific gravity range for guinea pig and man 
matches rather well, and because of the probably relatively small variation 

Table II 


Conversion of Values for Body Specific Gravity of Man to Fat Content on Basis of 
Equation, Per Cent Fat = 100 (B.Bi8/{Speeific Gravity) Minus B.OU) 


Body sp. gr. 

Per cent fat of body 
weight 

Body sp. gr. 

Per cent fat of body 
weight 

1.002 

49.3 

1.052 

23.0 

1.004 

48.2 

1.054 

22.0 

1.006 

47.1 

1.056 

21.0 

1.008 

46.0 

1.058 

20.0 

1.010 

44.9 

1.060 

19.0 


43.8 

1.062 

; s.o 


42.7 

1.064 

17.0 

i.m 

41 . r 

1.066 

16.1 

1.018 

40.6 

1.068 

15.1 


39.5 

1.070 

14.1 


38.5 

1.072 

13.1 


37.4 

1.074 

12.2 

1.026 

36.3 

1.076 

11.2 


35.3 

1.078 

10.3 


34.2 

l.OSO 

9.3 

1.032 

33.2 

1.082 

8.4 

1.034 

32.2 

1.084 

7.4 

1.036 

31.1 

1.086 

6.5 

1.038 

30.1 

1.088 

5.5 

1.040 

29.1 

1.090 

4.6 

1.042 

28.0 

1.092 

3.7 

1.044 

27.0 

1.094 

2.7 

1.046 

26.0 

1.096 

1.8 

1.048 

25.0 

1.098 

0.9 

1.050 

24.0 

1.100 

0.0 


in the ratios of tissue components aside from fat in man as well as in the 
guinea pig, it appears possible to apply an equation similar to Equation o 
for estimation in vivo of total body fat in man. 

Human fat has a density of 0.918 (Hodgman (8)), and from the data o 
Behnke el al. (5) a value of 1 .10 may be estimated for the, density of the a 
free human body. With these values as limits in the basic equations given 
in (7) if is possible to derive a provisional equation for the conversion o 
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human body specific gravity to the corresponding fat percentage. This 
equation is found to be 

% fat = 100 f - o.ou') (4) 

Vsp. gr. / 

Thus direct substitution in Equation 4 of values for body specific gravity 
of man obtained by the method of Behnke, Feen, and Welham (5) ■would 
yield values for total body fat. 

By means of Equation 4, Table II has been constructed, from which 
values of fat content may be read for body specific gra"vity of man in the 
range of 1.002 to 1.100. As mentioned previously, Behnke el al. (5), in 
their study of the body specific gravity of 175 naval jjersonnel, found a 
range of 1.097 to 1.021 for the group. From Table II it may be seen that 
this represents a range of fat content of 1.4 per cent to 39.0 per cent of the 
body •weight. It is also of interest to note that Behnke et al. divided the 
subjects into three groups on the basis of the specific gravity, these being 
less than 1.060, from 1.060 to 1.074, and above 1.074. The corresponding 
fat contents are respectively greater than 19.0 per cent, from 19.0 per cent 
to 12.2 per cent, and less than 12.2 per cent. 

It is with considerable pleasure that we acknowledge the kind suggestions 
and great interest of Captain A. B. Behnke (MC) U. S. N., during the 
entire course of the work, and also the generous assistance of Lieutenant 
(j.g.) Manuel F. Morales, H(S), U. S. N. R., in the preparation of the 
manuscript. 


SUMMAHY 

1. Methods are described for the detemrination of body specific gravity 
of guinea pigs by water displacement and their total body fat content. 

2. The data are presented for a series of 50 normal animals for which 
specific gravity of the eviscerated body ranged from 1.021 to 1.096, and 
whose fat content varied from 1.5 to 35.8 per cent of the body weight. 

3. The experimental relationship between e'viscerated body specific 
gravity of the guinea pig and body fat was found to agree closely -adth a 
theoretically derived relationship which may be expressed bj' the equation, 

% fat = 100 ( - 4.8S0^ 

Vsp. gr. / 

4. A sex difference in fat content is demonstrable when the Hnimafg are 
compared on a fat-free body weight basis. The female guinea pigs averaged 
4.7 per cent more fat than the males. 
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6. It appears possible to apply an equation similar to that for the guinea 
pig for estimates of total body fat in man. The equation is 

% fat = 100 _ 5 04 ^ 

\ap. gr. / 

Table 11, based on this equation, is also given for the conversion of specific 
gravity of man to per cent bodj' fat. 
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STUDIES ON BODY COMPOSITION 

II. THEORETICAL CONSIDERATIONS REGARDING THE MAJOR BODY 
TISSUE COMPONENTS, WITH SUGGESTIONS FOR 
APPLICATION TO MAN* 


Br MANUEL F. MORALES,! EDITH N. RATHBUN,! ROBERT E. SMITH,§ 

aVd NELLO PACE! 

{From the Naval Medical Rcseareh Institute, Bethesda, Maryland) 

(Received for publication, January II, 19-15) 

The mammalian body can be regarded as consisting of certain major 
phases: fat, bone, muscle, skin, nervous and visceral tissue. To be sure 
there are heterogeneities within each phase, but these are negligible in 
comparison to the differences in individual properties of the phases. 
Physiological experiments on intact animals frequently depend for their 
success- on knowledge of how much of each of these components is present. 
To measure the relative proportion in the intact animal requires an indirect 
method. The present work is concerned with the theory and use of one 
such method. 

Theoretical Considerations — It is assumed (1) .that the fat component is 
the one subject to wide variation, while the proportions of other com- 
ponents to some standard component, say bone, are relatively constant (2). 

In terms of the following notation, 


M/ and D/ = mass and density respectively of fat 

Mi and Dj = “ " “ " " bone 

M„ and Dn = “ “ “ “ “ muscle 

M, and D, = " “ “ “ “ skin 

M„ and D„ = “ “ “ “ “ nervous tissue 

W = -weight of animal 


and it is assumed that (a) muscle, skin, and nervous tissue are (in the adult) 
constant fractions, k, of the mass of bone, or, symbolically, 


Mm — kmFIb (1) 

M. = lc.Mb (2) 

il/n ~ knMb (3) 

* The opinions or assertions contained herein are the private ones of the writers 
and are not to be construed as ofEcial or reflecting the views of the Na-vy Department 
or the naval service at large. 

t Lieutenant (j.g.), H(S), U. S. N. R. 
t Lieutenant (j.g.), H(W), U. S. N. R. 

§ Lieutenant H(S), U. S. N. R. 
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and that (6) the densities of skin and nen'ous tissue are approximately the 
same' as that of muscle; 

D. ^ r>„ s D„ (4) 

From the notation and Assumptions 1 to 4, the following equations are 


obtained; the total mass of the body is 



W = Mf + Mt + + M. + Mn 

~ + hm + 4- kn) 

(5) 

and the average density, G, of the body 

is 



W 

(6) 

-If/ Ah ilf« if. ifn 

Z)/ Z)„ D. D» 

Alt , + k,+ kf\ 


If km + k, + kn = K, Equations 5 and 6 are readily solved for 


(l-PK 

Dm + iri)A 


Af, V G 

DJ)m } 

(7) 

W /! + K 

Dm + 

\ D, 



Ati 1 


(8) 

ir 1 + it 

\ lyJ 

htn j 


(9) 

ir “ 1 + if ' 

( w) 


M, k. 


(10) 

W ~ t + K 

V w) 


Mn k; 

(i - -'"1 

(11) 

ir ~ 1 + S' 

\ w) 



Thus, the gross composition of the animal may be determined from a 
knowledge of (1) the weight of the animal, (2) the body density of the am 
mal, (3) the densities of fat, muscle, and bone, and (4) the ratios of muse e, 
skin, and nervous tissue to bone. In what follows. Equations 7 to^ arc 
established, and their use in the study of human body composition is m i 
cated. 

Fat Content of Eviscerated Guinea Pigs — On an animal such as t ® 
pig it is possible to determine the body composition directly , as we ^ 
calculate it theoretically, thus comparing the two values for a -es o 

In Paper I (1), the relationship of M//W to G in hairless, ^ 

casses was determined by direct methods, yielding what is m e ec 
of Equation ?•. Even without analysis, the plot furnishes an o i lo 
of justification (see Fig. 1). Equation 7 predicts that the po o j / 
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versvs G should be a rectangular hyperbola* displaced from its principal 
X axis. 



Fig. 1. The abscissa, 0, represents the body specific gravity of the guinea pig, and 
the ordinate, Mf/W, represents the ratio of fat to body weight. The equation for 
the statistical line was obtained as described by Rathbun and Pace (1). The equa- 
tion for the theoretical line is discussed in the text. 

The theoretical curve of M //IF also appears on Fig. 1, and will be dis- 
cussed after consideration of other quantities necessary for the compu- 
tation. 

* That the nature of the relationship between the mass of any body component and 
the average body density is not linear but hyperbolic is deducible from purely dimen- 
sional considerations. The per cent of any component has the dimensions (Af)«/(JF), 
and the average density has the dimensions (IV) /(F). If the relationship were 
linear, the constant of proportionality would have to be (AI)c(F)/(lV)(lF), while it 
the relationship were hyperbolic, the constant of proportionality would then be 
iM),/{V). In the former case, the complexity of the constant and the fact that it 
contains the dimensions of one of the supposed variables argue against the assump- 
tion. The second is therefore favored as the simpler and more reasonable alter- 
native. 
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EXPERIMENTAL 

Dmsiiies of Tissues — The density of muscle was detennined (3) by match- 
ing ivith standard CuSO^ solutions. The mean of determinations on thirty 
animals was 1.066. 

By direct determination, the density of general body fat obtained by 
extraction was found to be 0.912. That there is no signi6cant difference 
between the densities of perirenal, intermuscular, and subcutaneous fat can 
be inferred from the fact that the CuSOi method gives respectively 0.927, 
0.921, and 0.921 for these composite tissues. 

The average density of the entire skeleton was detennined on three 
guinea pigs. For this purpose all the bones were dissected out and cleaned 
individually, and the displacement of water by the entire mass measured. 

The results agreed well among themselves; 1.430, 1.441, and 1.433 
(mean = 1.43), and with the data of Tsai and Lin (4) for non-cleft bone. 
These authors also give the density of nervous tissue as between 1.04 and 
1.05, a fact which made possible Assumption 4. 

Direct determination of the density of shaved skin, scraped clean of sub- 
cutaneous fat, gii'es 1.06, and shows that the actual amount of skin is 40.4 
per cent of the “skin” (including hair) removed in the usual skinning opera- 
tion. It is also of interest to note that skin density may be calculated 
follows:® From the data of Williams (5), and if the density of protein is 
assumed to be about 1.25 (6), the following composition is obtained: water 
66, protein 25, fat 7, inorganic salts, etc., 2 (total 100) g''.; approximate 
volume, 66, 20, 8, and 0 (total 94) cc. respectively. Whence the average 
density is 100/94 = 1.06. This figure is in close agreement ivith that ob- 
tained by actual measurement and further substantiates Assumption 4. 

Ratios km, k„ and — The ratio of muscle mass to bone mass, 1™, was d^ 
termined in the same three animals referred to above. So far as was 
ble the entire musculature was dissected out, freed of fat, and coUectw 
for weighing. From the data of Table I, a mean value of 5.34 was obtain 

for krry. 

A value for k, can be determined from the weight of bone and of s m 
freed of subcutaneous fat and hair by multiplying the “skin” weig t } 
0.404 as stated above. The mean was found to be 1.95. 

kn defies simple, direct determination; consequently, its value 
obtained by indirect means. Judging from a comparison between e 
diameters of peripheral nerves and the girth of the cord, it is estimate a 

the peripheral neiwous system is about two-thirds the mass of t ® 

Thus, one may arrive at an estimate of the mass of the entire neno 

s For this calculation, we are indebted to Lieutenant (j.g-) Eaida, 

U. S. N. R. 
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system. The data of Donaldson (7) give the ratio mass of spinal cord per 
mass of bra'm as 0,36; ivhence it follows that the entire nervous system is 
about 1.6 times the mass of the brain (for this order). From an allometric 
determination on the data of Crile and Quiring (8) for the guinea pig, brain 
weights for our animals (Table II) have been estimated. 


Table I 

Ratio of Mass of Muscle and Skin to Bone 


Guinea pig 
No. ' 

Weight 

Muscle 1 

"Skm" 

40.4 percent 
“skin** 

Bone 


h. 


gm. 

fffi. ^ 

£m. 


£m. 



1 . 

572 

172.1 

150 

60.6 

32.3 

5.47 

1.88 

2 

639 

164.6 

196 

79.2 

35. S 

4.76 

2.21 

3 

699 

222.4 

175 

70.7 

40.0 

5.80 

1.77 


Table II 


Ratio of Mass of Central Nervous System to Bone of Guinea Pig 


Weight 

Brain I 

1 

Nervous system 

Bone 


gm. 

i 

gm. 

gm. 

gm. 


572 

4.2 

6.72 

32.3 

0.210 

639 

4.3 

6.88 

35.8 

0.197 

699 1 

4.4 i 

7.04 1 

40.0 

0.176 


DISCUSSION 


Test of Equations — There are two ways of combining the results in testing 
Equation 7. First, a plot of Equation 7 may be compared with a statistical 
fit to the data (Fig. 1). The paralldism between the two curves in the 
range 0 to 100 per cent fat is interpreted as a substantiation of the theoreti- 
cal equations. The consistent error in the direction of yielding low values 
of G may well be due to the adherence of air bubbles to the animal’s surface 
and within its ears. A volume of air of about 2 cc. would cause the 
experimental curve to coincide with the theoretical. At present exjreri- 
ments are in progress to check this question by other specific gravity 
methods. 

Second, Equation 7 may be solved for G(0), i.e., the value of G for 
Mf/W = 0, giving, 


G(0) 


(1 + AlO.Dt 
B- + KDs 


( 12 ) 


Substituting the experimental results in Equation 12, we obtain the fol- 
lowing: 


G(0) = + 1.05 -f 0.2) (1.066) (1.43) 

(1.066) + (5.34 + 1.95 + 0.21(1.43) 


1.099 
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an intercept value which is practically coincident with an experimentally 
measured mean specific gra\dty value of 1.098 obtained on whole animd 
aliquot samples rendered fat-free by extraction as described in Paper I (1), 

On the grounds of the agreement between theory and experimental data, 
two useful applications follow. 

Composition of Whole Guinea Pigs — ^To this point, both the theoretical 
application and the experimental data have referred to eviscerated car- 
casses rather than to the intact animal. For reasons of technical conveni- 
ence, the data of Paper I (1) were obtained on the eviscerated preparation. 



Fiq. 2. For any given specific gravity, the tissue fraction of the total body insss 
may be obtained; thus for example, when G — 1.05, MflW is about 0.2, and u t e 
guinea pig weighs 500 gm., it contains 0.2 X 500 = 100 gm. of fat. The dotte me 
represents the relation of the fat fraction to body specific gravity for man. 

However, there is no theoretical obstacle to an extension which includes the 
viscera. Thus, introducing Mv, I>n, and k, as the mass, density, and one 
ratio respectively of the viscera, one has on solution a set of equa ions 
identical with Equations 7 to 11, except that now one defines 

, (13) 

K = hm + *4" "i" 

Extrapolating the plot of visceral fat fraction versus visceral 
zero fat fraction gives l.OG for visceral density. Furthermore, 
of bone weights (obtained by multiplying the weight of the ,j, 

carcass by the factor of Equation 8) with the weights of fat-free vis 
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yields a set of values for whose mean is 1 .62. If this fc, is combined with 
previous k values and substituted in Equation 13, it is found that for the 
hairless intact animal K = 9.11. When this value of K is used in Equa- 
tions 7 to 11, a final result for the body composition of intact, hairless 
guinea pigs as a function of body density is expressed by the equations 
Ms/W = 5.501 (1/G) - 5.031, j\h/W = 0.5965 - 0.5440 (1/G), MJTl' 
= 3.1840 - 2.9045 (1/G), il/./TF = 1.1C40 - 1.0617 (1/G), M„/]V = 
0.1193 - 0.1088 (1/G), = 0.9663 - 0.8814 (1/G), and is depicted 

grapMcally in Eig. 2. 

Application to Man — ^As remarked above, the importance and merit of any 
indirect method of body analysis lie chiefly in its applicability to the living 
human being. Of the four requisites for the application of the equations 
it is clear that three can be readily met by the data. The weight and body 
densitj' of human subjects are accurately determinable quantities (2). 
In the absence of any facts to the contrary, the composite (c.g. muscle with 
slight amounts of fat) tissue densities for man are the same as those for the 
common experimental mammals. The technical problem, therefore, re- 
duces to the determination of the k values. It may be possible to obtmn 
three out of four ik„, fcn, and fc,) directly from roentgenographs; fc, can be 
estimated with comparative ease from measurements on cross-sections of 
human skin and from body surface areas by calculation with empirical 
formulae (c.g. that of DuBois). The substitution of the various values in 
Equations 7 to 11 can then be expected to yield gross composition of the 
human body with reasonable precision. Further work along these lines is' 
in progress. However, even at the present stage of investigation it is possi- 
ble to deduce a useful provisional equation which gives human fat content 
as a function of bodj' density. If Equation 7 is written in terms of Equation 
12, the following is obtained. 



The density of human fat is g'lven as 0.918 in tables such as those of Hodg- 
man (9). In xiew of the fact that the range of G for guinea pigs (1) is 
virtuallj' identical to that for man (2, 10), it may be assmned that G(0) for 
man is vei-y close to G(0) for the guinea pig, i.c. in the neighborhood of 1.10. 
Substituting for Df and G(0) in Equation 14, we obtain for man Mj/W = 
5.548 (1/G) — 5.044. For purposes of comparison, the graph of this 
equation is shown in Fig. 2. Calculation of other components awaits 
further experimental data. 

It is a pleasure to acknowledge the generous collaboration and counsel 
of Lieutenant I. Gersh, H(S), U. S. N. R., and the Pathology Facility of the 
Naval Medical Research Institute. 
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SUMMARY 

By treating the body as a five phase system, equations are developed 
which give the amount of each tissue component as a function of body 
weight and average body density. 

These equations are based on the assuiqption that there is a lean body 
mass in the guinea pig and in man of relatively uniform composition. Fat 
is regarded as the only component that exhibits appreciable relative varia- 
tion. The quantitative data obtained on these guinea pigs substantiate 
this assumption. 

In man, values for specific gravity comparable to those of the guinea 
pig have been obtained. On the basis of available data, therefore, the 
relationship between fat and body density as determined for the guinea pig 
appears to be directly applicable to man. 
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STUDIES ON BODY COMPOSITION 


in. THE BODY WATER AND CHEMICALLY COMBINED NITROGEN 
CONTENT IN RELATION TO FAT CONTENT* 

By NELLO PACEf and EDITH N. RATHBUNJ 
(From Ihc Naval Medical Research Inslilulc, Belhesda, Maryland) 

(Received for publication, January 11, 1945) 

The resolution of the animal body into its components, both chemical 
and morphological, is generally regarded as only approximate because of 
individual ' variation. However, the over-all uniformity of mammalian 
tissues with respect to chemical composition is filled with implication and 
has led to such diverse and well known generalizations as Claude Bernard’s 
concept of a constant milieu inlerieur, Macallum’s theory of the universal 
origin of mammalian forms in the oceans, and the concept of the “active 
protoplasmic mass” of Talbot and Benedict. 

Perhaps the onlj' whole body component, and certainly by far the chief 
one, which may fluctuate nddely in the so called “normal” population is fat. 
To be sure, considerable variability occurs with many other substances; 
however, these variations are inconsequential when compared with that 
of fat on a gravimetric basis. It has been shown in Paper I in this series (1) 
that the whole body fat of guinea pigs selected from laboratory stock 
animals may vary from 1.5 per cent to 35.8 per cent of the body weight. 

In the following, data are presented which indicate the relative constancy 
of total body water and nitrogen when expressed on a fat-free basis, together 
with some of the implications of this correction. 

EXPERIMENTAL 

In the series of 50 normal guinea pigs examined for body specific gravity 
and fat content as described in Paper I (1), determinations of total body 
nitrogen and body'water were made. Water content was obtained as the 
difference between w’et weight and dry weight, the latter being measured 
as described previously (1). Nitrogen analyses were obtained by the 
macro-Kjeldahl method on aliquot samples of the pulverized whole ani- 
mal, which included skin and bone but which did not include hair or viscera 
for the reasons given (1). The data for this series of animals are sum- 
marized in Table I. 

The opinions or assertions contained herein are the private ones of the writers 
and are not to be construed as official or reflecting the views of the Na^'y Department 
or the naval service at large, 
t Lieutenant, H(S), U. S. N. R. 
tlaentenant (j.g.), H(W), U. S. N. R. 
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Table I 


tm. 

206.5 
319.0 

333.5 
384. G 
415.9 
392.8 

288.4 

369.5 
405.3 

387.5 
451.7 

392.0 
281.2 
217.2 

295.9 

233.6 

255.7 

200.9 

161.1 

198.7 

254.5 

218.5 

190.7 
179.1 

294.7 


cm. 

10.1 

14.9 
15.6 

17.9 
18.8 

15.9 

13.3 
16.1 
20.0 

18.3 

20.5 

20.2 

13.3 

10.1 

13.5 
11.1 
12.0 

16.3 
10.8 
10.8 

13.3 
13.0 

11.3 

10.6 

13.3 


414.2 

155.2 

376.1 

I 282.6 

325.2 

244.2 
150.1 

314.0 
329.5 

205.0 
244.4 

299.3 

413.7 

355.1 

326.8 

313.2 

195.2 

302.5 

231.5 
243.1 

358.4 

335.0 i 

375.5 
356.4 

327.0 


I 19.3 
7.9 
18.3 
13.6 
14.9 
10.1 
8.2 

13.8 

15.9 
9.2 

10.9 
14.5 
18.8 
17.0 

15.4 

16.5 
8.3 

12.9 

10.3 

10.8 

16.4 

15.4 

18.4 
10.8 
18.7 


Paper I of animals are given in 


Table II 

Tu'enfv p and Its Standard Deviation of Various Tissues from 

^ Pm on Wft Weight Basis and on Fal-Free Wet Weight Basis 


Fat» per cent wet 
weight 


Water, per cent wet 
weight 


Water, per cent fat' 
/ree wet weight 


Perirenal fat 
Muscle.. 
Liver. . . 
Adrenal 
Nerve . 
Tendon... 
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In addition to the determinations on whole animals, the water content 
and fat content of various tissues from the guinea pig were obtained. 
Water content was again measured by difference between wet and dry 
weights, and fat content was measured by the fiberglas bag technique (1). 
These data are summarized in Table II. The various tissues represented 
were obtained in connection with another study (2) and were skeletal 
muscle from the thigh, liver, adrenal tissue, tendon, nerve, and perirenal 
fat. In each case the mean water content and standard deviation were 
calculated for both the ori^al tissue and fat-free tissue. 

A similar calculation was made for the nitrogen and water contents of 
the whole animal, and these computations are summarized in Table HI. 


Table III 

Comparison of Whole Body Water and Chemically Combined Nitrogen Content of 60 
Guinea Pigs on Varioas Boses 



1 

Mean 

1 Standard deviation 

Coefficient o! 
vanation 

Water, % . ... 

63.50 

5.56 

8.8 

" in fat-free tissue, % 

72.42 

2.11 

2.0 

Nitrogen, % dry weight 

8.65 

1.87 

21.6 

“ %wet ” 

3.08 

0.43 

14.0 

“ % fat-free dry tissue .' 

12.72 

0.78 

6.1 

“ % “ net “ 

3.52 

0.27 

7.7 


DISCUSSION 

It is evident from the data presented in Table II that the water content 
of various tissues of the body is more nearly constant when expressed on 
a fat-free basis. This is in full accord with the views of Hastings (3). It 
is also of interest that the mean water contents of various tissues differ 
among themselves even when expressed on this basis. However, these 
means occupy a considerably narrower range than when expressed on a 
basis uncorrected for fat. In particular it is of significance that a tissue 
as lu^ in fat content as perirenal fat tissue exhibits a water content com- 
parable to that of other tissues when this correction is made. 

Table III contains a summary of the analyses of the whole animal. It 
may be seen that both water content and nitrogen content are remarkably 
constant when expressed on a fat-free basis. This fact is strikingly shown 
in Fig. 1 ia which the actual gm. of water and nitrogen are plotted against 
the fat-free body weight. 

Ashworth and Cowgill (4) have presented data on the body composition 
of rats and included values for total fat, water, and nitrogen. For purposes 
of comparison, their data were treated in the same fashion and are also 
plotted in Fig, 1. 
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It may be seen that both water and nitrogen e.xhibit straight line rela- 
tionships with fat-free body weight, and yield high correlation coefficients 
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I'ic. 1. The upper graph represents the total body ^\ater animal in 

free body weight for each animal in our series of PJ®® , groph represents 

the series of rats studied by Ashworth and Cowgill (4)- . ^ obtained by 

the toUl body nitrogen plotted on the same basis. The equations 
the method of least squares. 

On the other hand) 

when the data arc fitted by the method of least ^ the actual 

when the total gm. of body water or nitrogen are p Lpation for the 
body weight, the relationship appears curvilinear. 
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late may be found in the fact that older animals, and hence animals of 
larger body weight, tend to contain a greater percentage of fat than the 
younger and smaller animals. Considering fat as a diluent of the lean body 
mass, the nitrogen and water percentages of the whole body reflect changes 
in the fat content because of the relative constancy of water and lutrogen 
in the lean body mass. 

From the foregoing it becomes obvious that the practice of expressing 
experimental data in terms of per cent of the total dry weight should be 
rather an expression of data in terms of per cent of the total water present, 
which would be independent of the fat content. Such a reference standard 


Table IV 


Summary of Mean Whole Body Water and Chemically Combined Nitrogen Content for 
Adults of Various Mammals 


Species 

BibUogrspblc»1 
reference No. 

1 Per cent 
enter 

1 

1 Per cent 
nitrogen 

1 

Percent 
' fet 

1 

Per cent 
Water in 
lean mass 

Per cent 
nitrogen in 
'lean mass 

Hat 

<5) 

65.3 

3.54 

■1 

71.8 

3.89 

it 

(4) 

63.6 

3.04 

IS9 

74.4 

3.57 

tt 

(6) 

61.5 

3.01 


72.6 

3.66 

Guinea pig 

(5) 

67.1 

3.18 

10.0 

74.2 

1 3. 51 

it it 

Our data 

63.5 

3.08 

12.3 

72.4 

i 3.52 

Habbit 

(5) 

69.2 

2.91 

7.8 

73.5 

3.09' 

U 

(7) 

74.3 


2.5 ; 

76.3 


Cat 

(5) 

66.7 

3.22 

7.9 1 

72.4 

3.50 

Dog. . . 

(7) 

59.5 


20.1 ' 

74.5 


(( 

(8) 

59.1 


15.4 

69.9 ' 


Monkey 

(7) 

6S.5 


6.5 1 

73.3 


Mean 





73.2 

3.52 


is then equivalent to the expression of data in terms of per cent of the total 
nitrogen and, judging from Fig. 1, would appear to be better. 

Hatai (5) in a classical work on the body composition of the rat at various 
ages' gives mean analytical values for total fat, rvater, and nitrogen. He has 
also gathered data on various other species of mammals. Recalculation of 
his data, together with that of others, so that the nitrogen and water con- 
tent of the whole body is expressed on a fat-free basis, accoimts for some 
of the discrepancies noted by him. 

His demonstration of the large decrease in water content during early 
growth remains unaSected by the fat correction. However, the ivater 
content of adults for the various species given becomes quite constant 
when expressed on the fat-free basis. A summary of such data from 
several sources (4-8) is given in Table FV. When the wide variety of 
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methods used .to obtain the data is considered, and also the fact that the 
data given by Hatai have been corrected for fat on the basis of mean 
percentages rather than for each individual, the agreement among species 
is surprisingly good, and it is not too far fetched to apply the mean value of 
water in the lean body mass of 73.2 per cent to man. 

The concept of a lean body mass which is comparatively constant in com- 
position in man (8) and among the adults of various species of mammals 
receives considerable substantiation from the available experimental evi- 
dence. Thus, the assumptions made in Paper II (9) in establishing the 
theoretical relationships of the various tissue components of the body 
appear to be justified experimentally thus far. 

It was shown (1) that the female guinea pigs contained more fat than 
male guinea pigs of a corresponding fat-free body weight. When the water 
and nitrogen contents of the males and females are compared on this basis, 
however, there is no difference. It is interesting to speculate on the ques- 
tion of how many of the quantitative differences in function between the 
male and female ivould be equalized if e.xpressed on the basis of the lean 
body mass. 

In view of the relative constancy of the water content of the lean body 
mass, it is possible to derive a simple equation describing the relationship 
between water content and fat content of the whole animal mass thus: 


% fat ■= 100 - 


% water 
0.732 


(I) 


In Paper I of this series (1) an equation describing the relationship of human 
whole body specific gravity and fat content was presented in the form 

% lat = 100 f - 5.044^ ® 

\Bp. gr. / 

By substitution in Equation 1 

/ 4.061 \ (3) 

% water = 100 { 4.424 — 1 

\ BP- gr-/ 

It is therefore possible to predict from the whole body specific gravity both 
the fat content and water content with a reasonable degree of accuracy- * 
generalization of this kind is of course subject to considerable 1®* f 
e.g., in the case of very young animals, in the case of marked vana ion 
skeletal proportion, and in the case of disturbed water balance. J 

with normal adult animals it can serve as a useful approxima 
Equation 3 may be applied to man, together with Equation 2. ^ 

on this assumption it is possible to make the calculation , 

Behnke (8) on the theoretical total amount of gaseous nitrogen 
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in the body of a man of n horn the body specific gravity is known, and then 
to compare the calculated values with the experimentally determined 
quantity of dissoWed nitr%en gas. Good agreement is obtained between 
the experimental value and the calculated value. 

Ini' {he field of energy metabolism considerable data have been obtained 
^ the metabolic rates of a great variety of living forms; yet difficulty has 
been encormtered in making generalizations, owing to the lack of a univer- 
sally accepted standard of reference. Kleiber (10) has emphasized this in a 
recent review on energy metabolism. Ashworth and Cow^l (4) have been 
able to show that fat-free drj’ weight is a better standard of reference for 
basal metabolic rate in rats than is dry weight or live body weight. Further 
work along these lines is indicated. 

sroniARY 

1. A study of the water content and chemically combined nitrogen con- 
tent of 50 guinea pigs reveals that the proportion of these substances to 
body Aveight is constant, provided that the body fat is considered. 

2. Water was found to constitute 72.4 per cent of the fat-free body mass, 
and exhibited a standard deviation of 2.11 per cent. The range of the 
original live weights represented was from 304 to 1000 gm. 

3. Chemically combined nitrogen constituted 3.52 per cent of the lean 
body mass, with a standard delation of 0.27 per cent. 

4. These values agree closely with those calculated for other mammals 
on a fat-free basis. No sex differences were found in water and nitrogen 
content. 

5. It is believed that the concept of a lean body mass that is relatively 
constant in gross chemical composition, in which body fat may be consid- 
ered to act as a diluent, is supported by the available experimental evidence. 
Some of the implications of this concept are discussed. 
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THE ELECTROPHORETIC ANALYSIS OF STORED LIQUID 
HUMAN PLASMAS 
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(From The Biochemical Research Foundation, Newark, Delaware) 

(Received for publication, February 16, 1945) 

Human plasma, prepared under sterile conditions by closed vacuum 
technique and containing 5 per cent of glucose and 0.01 per cent of mer- 
thiolate, may be stored at room temperature in the liquid state for at least 
1 year and still be used for transfusion “with safety and benefit” (1). 
The coagulation factors and the complement are lost (2), but the incidence 
of untoward reactions is significantly lower than with fresh plasma (1). 

Physicochemical studies on liquid plasmas stored for 1 year (3) and 2 
years (4) have given evidence of changes in the electrophoretic pattern. 
Four samples of pooled human plasma which had been prepared according 
to the above technique and stored at room temperature for 3 years were 
supplied by Lieutenant Commander Eugene L. Lozner of the Naval 
Medical Research Institute, Bethesda, Maryland, so that the changes in 
the electrophoretic pattern produced by the longer storage could be de- 
termined. As controls he supplied two samples of fresh pooled human 
plasma; one, designated Plasma A, was prepared by closed vacuum tech- 
nique but contained no added glucose or merthiolate, and the other, desig- 
nated Plasma B, was prepared exactly as the stored plasmas. 

EXPERIMENTAL 

Electrophoresis of the plasmas was carried out by the Tiselius method 
(5) against two different buffer solutions, one of pH 7.9 containing 0.15 
M NaCl and 0.02 m sodium phosphates, and one of the same pH and elec- 
trolyte composition containing in addition 5 per cent of glucose; the re- 
quired volume of each plasma was diluted with an equal volume of the 
buffer solution to be used, and dialyzed against four changes of the same 
buffer solution. Photographs were taken at regular intervals by both the 
Longsworth (6) and the Svensson (7) methods. A current of 40 milli- 
amperes, corresponding to a potential gradient of 6.0 volts per cm., was 
used for the glucose-free solutions. In the glucose-containing solutions the 
electrical resistance was higher than in the glucose-free solutions, so that a 
current of 40 milliamperes corresponded to a potential gradient of 6.9 
volts per cm. and produced convection effects; a current of 27 milliamperes, 
corresponding to a potential gradient of 4.6 volts per cm., was therefore 
used for these solutions. In the glucose-containing solutions the mobilities 
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were reduced dr account of the increased idscosity, ox mechanical resistance, 
hut, because of the higher potential gradient per unit of current resulting 


Table I 

Ekelrophorctic Mobililics of Stored Human Plasmas 
Buffer, pH S, 0.15 si XaCl, 0.02 si phosphates. T — 0°. 
Electrophoretic mobility = u = sq. cm. per volt second. 
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Table II 

Per Cent Composition of Stored and Fresh Human Plasmas 


Computed Itom areas oi e\eetTop\ioretAe dtas^ama butter ot pti 8, eoutaluia^ 
0,15 M NaCl and 0.02 .u sodium phosphates. 


PUsma 

No. 

Ann 
of U- 
lubc* 

A 

OI 

OS 

P 

F 

i 


B 

i 

Remarks 

2904 

D. 

,5.5 


29.3 

5.2 





561 

Stored 3 yrs.; run in 5% 


A. 

53.9 



m 






glucose 

2914 

D. 

56.7 



6.3 





643 

tl H 


A. 

56.7 


iCTKi 

6.3 







2924 

D. 

55.9 


29.1 

5.0 





603 

tt H 


A. 

59.3 


26.7 

m 







197-5 

D. 



25.4 

4.4 





535 

ft if 


A. 

59.01 


25.7 

5.3 







B 

D. 

Bifil 


12.0 

7.6 

6.6 



13.8 

649 

Fresh plasma stored with 


A. 

56.4 

0.8 


7.3 

5.8 



19.2 


5% glucose; run in 5% 












glucose 

K 

D. 

58.9 

2.1 

13.1 

6.4 

4.7 

2.3 


12.5 

570 

Fresh plasma stored without 


A. 

57.8 

in 


5.5 

6.1 



17.6 


glucose; run in 5% glucose 

2904 

D. 

64.4 



4.6 





640 

Stored 3 yrs.; dialyzed glu- 


A. 

65.8 


27.3 

6.9 






oose-free 

291-t 

D. 

63.6 


32.1 

4.3 





602 

tt tt 


A. 

66.8 


gjSj, 

5.2 







2924 

B. 

63.9 


Bn 

5.1 





640 

4( tt 


A. 

66.5 


28.7 

4.8 







197-5 

D. 

67.1 


27.1 

5.8 





608 

tt tt 


A. 

|68.6 


26.4 

5.0 






B 

D. 

58.6 

2.6 

11.5 

m 

5.9 


4.0 

9.4 

668 

Fresh; stored with 5% glu- 


A. 

m 

1.7 


7.3 

5.7 



14.7 


cose; dialyzed glucose- 

A 

D. 

56.7 

3.1 

t 

9.? 


5.4 



14.4 

631 

Fresh; stored without 5% 


A. 

59.4 

1.7 

9.£ 

9.9 

5.7 



13.4 


glucose 

(C 

D. 

57.7 

2.( 

,13.3 6.1 

5.? 

ll.7 


12.8 

617 

Fresh; 5% glucose added, 


A. 

59. S 

1.; 

512.5 5.1 

6.6 



14.0 


then dialyzed away 

C( 

D. 

35.1 

53.'- 

’ 

1.7 



8.8 

562 

Heated 10 min. at 65° (no 


A. 

38.; 

mm 

3.. 

l.( 

i 


5.7 


glucose present) 

B 

B. 

44.' 

r| 42.< 



4.C 

8.4 

612 

Heated 10 min. at 65°, then 


A. 

jie. 

5) 33.3 

6'.4j 



13.1 


dialyzed glucose-free 


Values for the ascending arm have been calculated on the assumption that the 
percentage dilution at the S-boundary is the same for all constituents. 

* A. represents ascending; D., descending. 


untreated {i.e., no added glucose) after standing 6 days at room tempera- 
ture; (6) after standing 7 days longer at room temperature in the presence 
of 5 per cent glucose; (c) same as {b), but dialyzed glucose-free. The elec- 
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troplioretic patterns are shoTO in Fig. 1 . Control Plasma B, to which 
glucose was added to a concentration of 5 per cent at the time of prepara- 
tion, stood 23 days at room temperature before samples were withdrawn 
for electrophoresis; it was examined both in the presence of 5 per cent glu- 
cose and after removal of the glucose by dialysis (Fig. 2 ). The four 
plasmas w’hich had been stored for 3 years at room temperature were also 
examined both in the presence of 5 per cent glucose and after removal of 
the glucose by dialysis (Fig. 3). The mobilities are listed in Table I, 
and the percentage composition of each plasma is given in Table II. 

In view of the possibility that the changes produced by prolonged 
storage in the liquid state at room temperature might result from spon- 
taneous reactions progressing slow'ly at room temperature but accelerated 
at higher temperatures, samples of control Plasmas A and B were subjected 
to heat treatment. 8 ml. of each plasma were placed in a 25 ml. Erlen- 
meyer flask and heated for 10 minutes, with constant sw'irling, in a water 
bath maintained at 65°; the samples were chilled immediately afterwards. 
Flocculation occurred in both plasmas, but to a greater extent in Plasma A, 
which contained no added glucose and was therefore undiluted at the time 
of heat treatment, than in Plasma B, which when collected had been diluted 
with 50 per cent glucose solution to a final glucose concentration of 5 per 
cent. Both plasmas (centrifuged clear) were examined by electrophoresis 
(Pigs. 1 and 2) after dilution wth, and dialysis against, the ^ucose-free 
buffer. 


niscussioN 

Effect of Added Glucose on Electrophoretic Pattern of Fresh Human Plasma 
— ^The electrophoretic pattern for the untreated Plasma A (Fig. 1) in 
glucose-free buffer w'as similar to that previously found for normal human 
plasma in this buffer solution (( 8 ) Fig. 1), except that the as-globulm 
was present in somewhat higher concentration, and the |S- and 7 -gIobuhns 
■were present in somewhat lower concentrations ((9) Table 2 ). 

The presence of 5 per cent glucose produced several changes in 
tem. The ai-globulin was no longer a separate peak, but only a s ig 
plateau between the albumin and ai-boundaries. The concentration 0 
the a:-globulin was increased at the e.xpense of the ^-globulin, and 
was a tendency, more pronounced in the descending arm of i'i'® " 
than in the ascending arm, for fusion of these two boundaries. e 
scending fibrinogen boundary "was distorted and broken into two pa 

1 In Fig. 1, the F» boundary of Plasma A in 5 per cent Elueose appears, 
incomplete resolution, to be part of the Tr-globulin boundary. The 
the fibrinogen boundary (as in Plasma A, dialyzed glucose-free, Fig. )co 
more clearly in later diagrams for glucose-containing Plasma A, an 
also by the percentage composition (Table II). 
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PLASMA A 

NS°Qm ^ Svensson diagrams), 

temperature beVar^ , ““ P^'’«P^te8. The plasma stood 6 days at room 

samples stL 7 rfirr^ T® electrophoresis. Glucose-treated 

treated 442 j ^“y®/°“Ber at room temperature in contact with glucose Un- 
435 Mul^h (approximately 3 hours at 40 milliamperes); 5 per cent glucL 

(^PPJo^mately 4.5 hours at 26.7 milliamperes); dialyzed flucos!: 

at 6S“, 493 couTombB^^^™™°-^*^®l^i^ qT™ milliamperes); heated 10 minutes 
« . coulombs (approximately 3.5 hours at 39 milliamperes). 

S fibtmoEai and T-Ebbulm boundaries a precipitate appeared 

bat which bSSfoplqS^eS.® 
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After the removal of the glucose, the ai-globulin bouudary reappeared 
as a separate peak. The relative concentrations of the a;- and /3-globulins 
remained the same as before the removal of the glucose, and the tendency 
for fusion of the two boundaries in the descending arm persisted. The 
distortion of the descending fibrinogen boundary and the resolution into 
two parts persisted also, but the precipitate between the y-globulin bound- 
ary and the fibrinogen boundary caused complete opacity within 2.5 
hours and on standing overnight sedimented to the bottom of the cell, 
leaving only a slight opalescence near the original site. 

The electrophoretic pattern for Plasma B, containing 5 per cent of glu- 
cose (Fig. 2), resembled in many respects that for Plasma A in 5 per cent 
glucose. The ai-globulin was visible only as a plateau, and the concen- 
trations of otj-globulin and /3-globulin were very nearly the same as in 
Plasma A (Table II). The tendency for fusion of the ot*- and /3-boundaries 
was, hoivever, less pronounced than in Plasma A, the descending fibrinogen 
boundary' was free from distortion, and no precipitation occurred in the 
descending fibrinogen or y-globulin boundaries. 

The changes produced by removal of the glucose from Plasma B were 
about the same as for Plasma A. The ai-houndary reappeared, and the 
concentrations of the orj- and /S-globulins remained the same as before 
removal of the glucose. Resolution of the descending «•- and ^-boundanes 
was improved, however, and although the descending fibrinogen boundatj’ 
remained free from distortion the descending y-globulin boundary was 
partially resolved into two parts. No precipitation occurred in the de- 
scending arm. 

The changes brought about by the addition of glucose emphasize the fact 
that each electrophoretic constituent represents not a single protein but a 
“population of proteins” (10), and that the mobilities of many are sensitive 
to changes in environment. The persistence of some of the changes a ter 
removal of the glucose by dialysis suggests that the glucose may cit er 
effect certain permanent changes, or accelerate spontaneous c anges 
which proceed more slowly in the absence of glucose. The greater s arp 
ness and symmetry of the boundaries of Plasma B, as compare 
Plasma A under corresponding circumstances, and the absent m oec 
tion during electrophoresis of Plasma B appear, in view of t e ^ea 
age of Plasma B, to indicate a considerable protective action by e 
glucose. A possible further indication of this protective action ma 
found in the behavior of Plasma A before and after removal o e ^ 
cent glucose. The precipitate which formed at the fibiinogen ow ^ 
the descending arm during electrophoresis flocculated less rapi ^ . 
presence of 5 per cent glucose than after removal of the glimose y 

EkctrophoTetic Behavior of Stored Human Plasma and ompan 
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Heated Control Plasma— The four plasmas which had been stored in the 
liquid state for 3 years at room temperature showed remarkable uniformity 
in their electrophoretic patterns (Fig. 3), with respect to both the mobilities 
of the fractions (Table I) and the percentage composition (Table II). 




PLASMA B 

Pio. 2. Electrophoretic patterns of Plasma B (tracings of Svensson diagrams). 
pH 7.9, 0.15 M NaCl, 0.02 u sodium phosphates. The plasma stood 23 days at room 
temperature before samples were withdrawn for electrophoresis. 5 per cent glucose, 
523 coulombs (approximately 2.5 hours at 39.5 milliamperes plus 1.66 hours at 27.1 
toilliamperes); dialyzed glucose-free, 433 coulombs (approximately 3 hours at 40 
milliamperes); heated 10 minutes at 65°, 494 coulombs (apprmdmately 3.5 hours at 
39 milliamperes). 

The presence or absence of glucose produced no significant change either in 
the contour of the patterns or in the percentage composition; the effects of 
the increased viscosity and electrical resistance caused by the presence of 
5 per cent glucose compensated one another, as in fresh plasma, and 3 delded 
almost identical patterns for the passage of equal quantities of electricity. 
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treatment, and postulated a similar mechanism; an unfolding and splitting 
of the molecules, followed by aggregation. By irradiation of the albumin- 
rich and globulin-rich fractions of human serum, they found that the 
mobility of the aggregation product varies with the composition of the 
mixture subjected to irradiation. In bo^dne plasma the C component is 
associated with the a-globulin boundary (14) as in human plasma; the 
formation of C component in bovine plasma can be prevented by satura- 
tion nith glucose previous to beat treatment. In riew of the association 
of C component with the a-globulin fraction in heated human plasma, it 
may be of interest to recall that febrile infections have been found to 
increase the a-globulin content of human plasma (15-17). 

More extensive changes were produced in Plasma A than in Plasma B in 
consequence of heat treatment. This ma5’^ have been the result either of 
the higher protein concentration of Plasma A, which would have facilitated 
aggregation and thus promoted the formation of C component from the 
heat-modified molecules, or of the presence of 5 per cent glucose in Plasma 
B, which, in view of the effects of saturation irith glucose on bovine plasma, 
might be expected to repress somewhat the formation of C component. 
No further experiments were carried out to determine which was the more 
important factor. 

The augmentation of the a-globulin by prolonged storage at room tem- 
perature, though at the expense of different plasma constituents, suggests 
that the same type of mechanism may be involved as in heat treatment. 
The divergences may result both from the varying susceptibilities of the 
plasma constituents to the primary change (spontaneous denaturation m 
the one instance, heat modification in the other), and from the more gradual 
acciunulation of the modified molecules, and the greater opportuni^ 
for completion of the secondary reaction (aggregation of the modified 
molecules, or of their fission products (13)) during prolonged storage 
than during heat treatment. . 

The results do not, however, permit of explanation by the hypot esis 
(13) that the electrical homogeneity of the denaturation product is ^ 
due to a “chemically homogenizing process;” i.e., the aggre^tion o e 
fission products of the molecules in the proportions in which they ^ 
present. The augmentation of the a-globulin on prolonged storage o e 
plasma occurred at the expense of the more slowly migrating 5°*^® * 
exclusively ; there was no diminution of the more rapidly migrating a . 

It should be pointed out, too, that the denaturation product (C 
of human plasma, after either heat treatment or prolonged storage, 
much less homogeneous than that of horse serum after 
12), or ultraviolet iiTadiation (13), that of bovine plasma after 
ment (14), or those of the albumin-rich or globulin-rich frac ions o 
serum after ultrariolet irradiation (13). 
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It is difficult to compare these results on 3 year-old plasma with those 
obtained by electrophoresis of 2 year-old plasma- because of the difference 
in buffer solutions (c/. (9) Table 2). The electrophoretic diagram for 2 
year-old plasma, which was available to us through the courtesy of Lieuten- 
ant Commander Lozner, appeared to indicate complete loss of 7-globulin 
and fibrinogen and partial loss of /S-globulin, as in 3 year-old plasma; 
it showed no apparent increase of the a-globulin, however, and the ma- 
terial lost from the slow boundaries was stated by the investigators (4) 
to be associated with the albumin fraction. 

The increased mobility and increased boundary spreading of the plasma 
constituents after storage for 3 years had no counterpart in the patterns of 
the heated plasma, and may have resulted from the action of enzynres 
present in the plasma. An enzyme resembling trypsin has been prepared 
from fresh chloroform-treated plasma, and evidence for proteolytic action 
during prolonged storage of liquid plasma has been found in the increase of 
non-protein nitrogen (4). The limited degree to which non-protein nitro- 
gen was liberated (equivalent to hydrolysis of less than 2 per cent of the 
original protein), and the comprehensiveness with which increased mo- 
bility was shown by the proteins of the plasma, suggest that if the two 
effects are manifestations of the same change the non-protein nitrogen 
must be produced by partial fission of most, or even aU, of the molecules, 
rather than by complete fission of a few. 

SUMMARY 

Pooled human plasma, prepared under sterile conditions by the closed 
vacumn technique and containing 5 per cent of glucose and 0.01 per cent of 
merthiolate, was examined by electrophoresis in the Tiselius apparatus 
after storage in the liquid state at room temperature for 3 years. There 
was a large increase of a-globulin at the expense of all the 7-globuliu, all 
the fibrinogen, and part of the ^-globulin. The mobilities were 20 to 25 
per cent greater than in fresh plasma, and the boundaries were broadened. 

Heat treatment of fresh human plasma also caused an increase of the 
a-globffiin, but at the expense of different plasma constituents, and without 
increase of the mobilities or broadening of the boundaries. 

The addition of 5 per cent of glucose to fresh human plasma produced an 
increase of the aj-globulin at the expense of the ^-globulin, with partial 
fusion of the aj- and |3-globulin boundaries in the negative arm; it also 
caused the disappearance of the ai-globulin as a separate boundary. The 
former change persisted after removal of the glucose b3’’ dialysis; the latter 
did not. The electrophoretic patterns of plasmas stored at room tem- 
perature for periods of less than a month, with and without the addition of 
glucose, indicated protective action by the added glucose. 

“Lozner, E. L., Kahler, H., and Newhouser, L. R., personal communication. 
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The chemotherapeutic action of an agent in the intact animal is usually 
conditioned by two factors (1) . The first is the manner and extent to which 
the substance is capable of participating in the activities of a discrete bio- 
logical system and thereby producing a particular chemotherapeutic effect. 
The second, wluch relates to the over-all physiological disposition of the 
agent hy the animal, is related to the operation of such diverse processes as 
absorption, distribution, degradation, and excretion. Generally speaking, 
these processes are integrated in such a fashion that the concentration of the 
agent in the plasma on any dosage schedule is a reflection of their combmed 
operation, since it is through this medium that most exchanges of the drug 
occur. Consequently in a definitive appraisal of a drug information of its 
plasma concentrations and the time these concentrations must be main- 
tained in order to produce a given chemotherapeutic effect will usually be 
required. Furthermore, the maximal benefit to be derived from a drug in 
routine therapy is generally difficult to obtain in the absence of these quite 
different types of information (2). 

The collection of such information in the study of drugs of unknown char- 
acter, to be used for any given puipose, would be considerably facilitated by 
the availability of reasonably simple analytical procedures. Also, the de- 
velopment of these w'ould be aided were it possible to utilize a scheme for the 
analysis of organic compounds based upon a series of general reactions. 
However, the use of a non-selective reaction requires that means be 
available to examine the specificity of the over-all measurement when ap- 
plied to the estimation of a particular compound. Such an examination has 
an advantage if in addition to girdng an appraisal of specificity it also yields 
infoimation on the characteristics of the interfering substances. The latter 
type of information may then be applied so as to permit a modification of 
the fundamental procedure in order to introduce the desired specificity. 

* The work described in this paper was done under a contract, recommended by 
the Committee on Medical Research, between the Oflnee of Scientific Research and 
Development and New York University. 
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A simple general method is described below which, with minor modifica- 
tions, has been used in the development of methods for the estimation of 
a number of alkaloids and sjmthetic basic organic compounds. The prin- 
ciple of the method is that many organic bases combine with certain sulfonic 
acids to form molecular complexes which are highlj^ soluble in organic sol- 
vents, and that the concentration of base in the organic solvent may be 
determined indirectly through a measurement of the concentration of the 
sulfonic acid in the organic solvent. The technique used to appraise the 
specificity of the procedure involves a comparison of the solubility charac- 
teristics of the pure compoimd with those of the substance or substances 
isolated from the biological material and measured in the analytical 
procedure. 

The development of a procedure for the estimation of cinchonidine in 
biological fluids is given to illustrate the general method of analysis and the 
technique involved in assaying and improving specificity. The method is 
equally applicable to the other cinchona alkaloids. 

I Procedure for Cinchonidine 

The sulfonic acid chosen for use in the present procedure is methyl orange, 
since it approaches the ideal acid for the present purpose. It is a water- 
soluble dye with a high color index; it forms a cinchonidine-methyl orange 
complex highly soluble in ethylene dichloride and chloroform; it only enters 
the organic phase in amounts equivalent to the contained base. 

Cinchonidine is separated from the biological sample by e-xtraction into 
ethylene dichloride at an alkaline pH. The ethylene dichloride is washed 
with alkali to remove degradation products of cinchonidine. An aliquot of 
the washed ethylene dichloride is then shaken with a saturated methyl 
orange solution at pH 5. The excess methyl orange is removed, the ethyl- 
ene dichloride acidified, and the concentration of the highly colored acid 
salt of methyl orange measured photometrically. 

The procedure is specific to the extent that it is subject to negligible inter- 
ference from normally occurring substances or the degradation products of 
cinchonidine which are found in biological material. Recoveries of added 
cinchonidine average 95 per cent of the theoretical, with total quantities o 
cinchonidine as low as 5 7 . The variation in the recovery of these sma 
amounts is usually less than 5 per cent. 

Reagents — , 

1. Standard solution of cinchonidine, 100 mg. per liter. 100 mg. 0 
free base are dissolved in exactly 1 liter of 0.1 n H 2 SO 4 . ^ This solu onis 
stable when stored in the refrigerator. More dilute working stan ar s ar 
prepared daily by dilution with water. 

2. 1 N NaOH. 
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3. 2.5NNaOH. 

4. Ethylene dichloride. Commercial grades of ethylene dichloride are 
sometimes contaminated wth extraneous material which combines mth the 
methyl orange in the routine procedure. These may have their origin in 
rubber, cork, or other organic material that comes in contact with the sol- 
vent and may be removed by shaking the ethylene dichloride with one-fifth 
the volume of 1 n HCl. This is followed by a wash with water. It is ad- 
vised that all ethylene dichloride be treated prior to use in the estimation. 

5. Alcoholic KOH solution, O.I n KOH in 20 per cent ethyl alcohol. 

6. Methyl orange solution. This is prepared as a saturated solution in 
0.5 M boric acid. An excess of the sodium salt of meth5d orange is added to 
the boric acid solution, and the mixture is heated gently, cooled to room 
temperature, and filtered. The solution is washed several times by shaking 
with an equal volume of ethylene dichloride. Boric acid rather than a salt 
buffer is used to poise the pH of the solution at about 5.0, since inorganic 
salts lower the solubility of methyl orange. 

7. Alcoholic H2SO4 solution, 2 mi. of concentrated HjS04 in 100 ml. of 
absolute alcohol. 

Procedure for Plasma — ^Add I to fi-ml. of plasma and 1 ml. of 1 n NaOH to 
20 ml. of ethylene dichloride in a 60 ml. glass-stoppered bottle and shake for 
5 minutes, preferably on a shaking apparatus.^ Decant the contents of the 
bottle into a 40 ml. round bottomed tube and centrifuge for 10 minutes at 
2500 H.p.M. to break the emulsion. Remove the supernatant aqueous layer 
by aspiration.- Return the ethylene dichloride solution to a 60 ml. glass- 
stoppered bottle (the ori^al thorou^y rinsed out bottle may be used), 
restraining any coagulum present with a stirring rod. Add an equal volume 
of the alcoholic KOH solution and shake for 10 minutes.® Transfer the 
contents to a 40 ml. tube (the original rinsed out tube may be used) and 
centrifuge for 1 minute at 2500 r.p.m. Remove the supernatant aqueous 
layer completely by aspiration and decant the ethylene dichloride into a 60 
ml. glass-stoppered bottle (the original thoroughly rinsed out bottle may be 
used).< Add 0.5 ml. of methyl orange reagent and shake for 5 minutes. 


' The pH of the aqueous phase during the initial extraction is not critical, provided 
it is higher than 9. 

’ A solid emulsion sometimes forms in the ethylene dichloride. This may be 
broken by vigorous stirring with a glass rod. A second centrifugation will then 
produce a clean separation of the two phases. 

’ This step serves to remove a blank from plasma. It is believed that this blank is 
caused by the absorption of methyl orange on small particles floating in the solvent 
and that tliis particulate matter is removed by the alcoholic KOH wash. 

* It is important that all traces of alkali be removed, since any that remains will 
alter the pH of the methyl orange reagent added in the next step of the procedure. 
This constitutes a major source of error in the routine application of the procedure. 
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Decant into a 25 ml. test-tube and centrifuge for 5 minutes at 3000 k.p.m. 
Carefully remove all the supernatant layer by aspiration, decant the 
ethylene dichloride phase into a 25 ml. test-tulie, and recentrifuge for 5 - 
minutes. ' Pipette 10 ml. of the ethylene dichloride into a colorimeter tube 
containing 1 ml. of the alcoholic H 1 SO 4 and mix thoroughly. Read in the 
colorimeter ivith a filter having a maximal transmission at 540 m^. 

A reagent blank in which water is substituted for plasma is run through 
the same procedure and is used for setting the instrument to 100 per cent 
transmission. This reagent blank should not give a transmission of less 
than 97 when ethylene dichloride plus the alcoholic HjSO^ is used to set the 
instrument to 100 (Evelyn photoelectric colorimeter). 

Procedure for Urine — ^Add 1 ml. of diluted urine (t.e., to contain 10 to 40 
7 of cinchonidine) and 1 ml. of 1 n NaOH to 20 ml. of ethylene dichloride 
in a 60 ml. glass-stoppered bottle, and shake for 5 minutes. Allow the two 
phases to separate and remove the aqueous supernatant layer by aspiration. 
Add an equal volume of 10 per cent NaOH and again shake for 5 minutes. 
Allow the phases to separate and remove the aqueous layer as above. Then 
add a few ml. of water and mix with the bottle contents to dilute any re- 


sidual alkali. Decant into a 40 ml. roimd bottomed tube and centrifuge for 
2 minutes. Remove the supernatant layer completely by aspiration and 
return the ethylene dichloride solution to the original thoroughly rinsed out 
bottle.^ Add 0.5 ml. of methyl orange reagent and proceed as for plasma. 

Procedure for Feces — ^Add 20 ml. of concentrated HCl to the sample of 
feces and dilute to a knowi volume ivith water. Shake until a homo- 


geneous mixture is obtained. A 
procedure described for plasma. 


suitable aliquot may be analyzed by the 
The wash with alcoholic KOH is not 


necessary. 

Standard Curve — Standards are prepared by taking 1 ml. of standard 
solution, adding 1 ml. of 1 n NaOH and 20 ml. of ethylene dichloride, an 
handling in the same manner as for the plasma determination. The was 
ivith alcoholic KOH is omittetl. As noted above, a reagent blank is mn 
through the same procedui'e and is used for setting the instrument to 
per cent transmission. A permanent standard cuive is constructe on 
semilogarithmic paper, the per cent transmission being plotted 
micrograms of alkaloid per ml. of ethylene dichloride. This is a ig J 
reproducible linear relationship; so that standards need not be inn toge er 
with each set of determinations. A transmission of 52 is obtaine 
Evelyn photoelectric colorimeter for a concentration of 1 t of 0 ®® 


per ml. of ethylene dichloride. 


Results 

Table I contains a summary of recoveries of cinchonidine added te 
and urine. These results indicate that the sensitivity and precision 
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method are quite adequate for use in an apprasial of the therapeutic efficacy 
of cinchonidine when used as an antimalarial. Equally good results have 
been obtained in the case of the other common cinchona alkaloids. 

Repeated analyses run on individual samples of plasma and urine over a 
period of several weeks yield highly reproducible results. It may be con- 

Table I 


Recovery of Cinchonidine Added to Plasma and Urine 


FUsm& 

Urine 

Ciochomdine 

Added 

Cinchonidine 

found 

Recovery 

Cinchonidine 

Added 

Cmchonidine 
' found 

Recovery 

•f 

7 

fer cent 

7 

7 

ptt cent 

6 

5.4 

108 

20 

20.0 

100 


4.8 

96 


20.8 

104 


5.2 

104 


19.2 

96 

10 

9.6 

96 


19.1 

96 


10.0 

100 


20.2 

101 


9.8 

98 


20.3 

102 


9.5 

95 


20.2 

101 


9.5 

95 


20.4 

102 


' 10.2 

100 


20.6 

103 


9.6 

96 


20.4 

102 


9.6 

96 


20.0 

100 


9.7 

97 

40 

41.9 

105 


10.2 

102 


40.7 

102 

20 

20.0 

100 


39.8 

100 


19.6 

98 


39.0 

97 


21.2 

106 


41.8 

105 


20.2 

101 


40.2 

101 


20.0 

100 


40.3 

101 


20.0 

100 


41.4 

104 


19.6 

98 





21.6 

108 





21.2 

106 





21.0 

105 




30 

30.3 

101 





29.4 

98 





31.0 

103 





eluded from this finding that the cinchona alkaloids are stable in biological 
material when stored in the refrigerator. 


Appraisal of Specificity 

There is a negligible amount of material in normal plasma or urine which 
reacts as cinchonidine in the analytical procedures described above. Con- 
sequently, specificity depends upon the completeness with which the 
products of the metabolism of the drug are excluded. This has been ex- 
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amined by a technique described below which yields information both on the 
extent of the interference of such products in the general method and how 
they may be excluded in a revised procedure. Such an approach to an 
examination of specificity is generally applicable in the development of 
methods, and is particularly valuable when, as in the present method, a 
non-selective reaction is used. 

The examination of specificity which has been devised is analogous to 
that utilized by Craig in an examination of certain procedures recommended 
for the estimation of quinacrine (3). The distribution coefficients of quina- 
crine and apparent quinacrine extractable from biological material by 
ethylene dichloride were determined in a two phase system consisting of 
ethylene dichloride and water-methyl alcohol solutions in varying propor- 
tions buffered to a constant pH. Simple ethylene dichloride extracts of 
plasma and urine were found to contain material with different distribution 
coeflficients than quinacrine. Further study showed that washing of the 
initial ethylene dichloride extracts with strong alkali removes all fluorescent 
material other than that which has identical distribution coefficients to 
those of quinacrine. It was in consequence of these findings that an 
alkalme wash was introduced in the routme estimation of quinacrine (4). 

The present technique differs from that of Craig in that the distribu- 
tion coefficients of the drug are determined in an ethylene dichloride- 
water system at various pH values of the aqueous phase. The distribution 
of a substance in such a system, at constant temperature and at a particular 
pH, is dependent upon the relative concentrations of the various molecular 
species in the aqueous phase, as reflected in the dissociation constants, and 
the relative solubilities of each molecular species in the two phases of the 
system. Both properties may be rigidly defined, being physical constmts. 
A drug and its metabolic products will have the same distribution coefficiOTts 
with varying pH of the aqueous phase only if they have the same physica 
constants. This is an unlikely possibility. However, proof of specificity 
is always one of probability, and should equivocal evidence be forthcoming 
from an initial examination, further study with another organic solven is 
advisable. , 

Such a method has an advantage in that it not only indicates the ex en 
to. which a procedure is specific but also gives information relatiw 
solubility characteristics of the interfering metabolic products of ® 

The latter type of infonnation may be readUy applied in the jg 

original procedure so as to exclude the interfering substances. . ^ 

usually possible by an adjustment of the pH of the aqueous p 
initial extraction or by the inclusion of a suitable wash of the organic 

applied subsequently in the procedure. . , -ribedin 

To serve as an illustration, the principle of the procedure is 
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relation to the examination of the specificity of the analytical procedure as 
proposed for the estimation of cinchonidine. 

EXPERIMENTAE 

15 ml. of diluted urine containing 100 to 200 7 of apparent cinchonidine 
and 15 ml. of 1 N NaOH were added to a 500 ml. glass-stoppered Pyrex 
bottle containing 300 ml. of ethylene dichloride and shaken for 10 minutes. 
The mixture was transferred to large centrifuge tubes, centrifuged, and the 
aqueous phase completely removed by aspiration.* Two 15 ml. aliquots of 
the ethylene dichloride phase were set aside for direct analysis (fii + Cz). 
15 ml. aliquots of buffer solutions (pH 5 to 14 in units of 1) were added to 1 5 
ml. aliquots of the remaining ethylene dichloride in 60 ml. glass-stoppered 
Pyrex bottles.^ The mixtures were shaken for 1 hour and then centrifuged. 
The aqueous phase of each sample was completely removed by aspiration 
and the ethylene dichloride decanted into 60 ml. glass-stoppered Pyrex 
bottles containing 0.5 ml. of the methyl orange reagent.* The concentra- 
tion of apparent cinchonidine in each sample was then determined as in the 
analytical procedure described above (Cj). 

Results of a comparison of a solution of pure cmchonidine vnih the ap- 
parent cinchonidme extracted from urine as described above are shown in 
Table II. Distribution is described as Cil(Ci + Cz), as a matter of con- 
venience, where C: is the concentration in the organic phase, Cz that in the 
aqueous phase. It is apparent from a consideration of the data that the 
ethylene dichloride extract of urine contains methyl orange-reacting 
material rvith solubility characteristics that differ from those of pure 
cinchonidine. The urine extract contains material which is water-soluble 
at the higher pH values. The differences observed are not due to the 
manipulations in the procedure, since cinchonidine added to urine or other 
biological material is extractable unchanged with ethylene dichloride. 
These data carry the suggestion that the introduction of an alkali wash of 
the ethylene dichloride extract will confer additional specificity on the 
analytical procedure. 

The effect of the iutroduction of such a wash was studied as follows; A 
sample of urine was treated as described above until the urine and ethylene 
dichloride had been shaken for 10 minutes in the initial extraction. The 
two phases were allowed to separate and the aqueous layer removed. An 
equal volume of 10 per cent NaOH was added and the mixture shaken for 

‘ The distribution ratios at the different pH values are reproducible at constant 
temperature. However, it is not necessary to maintain a constant given tempera- 
ture, provided the determinations for any e.vamination contain a control series 
of samples of the pure drug. Such a procedure also corrects for minor varia- 
tions in the pH of the buffers used. 
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10 minutes. The phases were again allowed to separate and the aqueous 
layer removed by aspiration. A few ml. of water were added and mixed 
■with the bottle contents to dilute any residual alkali. The mixture was 
then transferred to large centrifuge tubes, centrifuged, and the aqueous 
phase completely removed by aspiration.^ Two 15 ml. aliquots of the 
ethylene phase were set aside for direct analysis {Ci + Ci). The remainder 


Table II 

Distribution of Cinchonidine and Apparent Cinchonidine between Water and Ethylene 
Dichloride at Various pH Values 

The distribution ratios given as a function of the various pH values are expressed 
as the ratio of the concentration of drug remaining in the organic phase to total drug 
after shaking with the appropriate buffer. This ratio in terms of symbols noted in 
the text is expressed as Cj/fCi + Cj), where Ci is the concentration in ethylene di- 
chloride, and Cl is the concentration in water. 


pH 

Aqueous 

control 

P2&sma 

Urine 

Control 

(6) 

Patient 1 

(c) 

Patient 2 

W) 

Patient 1, 
before alkali 
wash 

w 

Patient 1. 
after alkali 
wash 

If) 

5 


0.04 

0.04 

0.04 

0.02 

KH 

6 

0.15 

0.15 

0.18 

0.17 

0.08 

BbS 

7 


0.63 

0.65 

0.62 

0.29 

0.65 

8 

0.92 

0.96 

0.96 

0.91 

0.67 

0.91 

9 

0.97 

0.99 

1.00 

0.98 

0.64 

1.00 

10 

0.98 

0.98 

1.00 

0.99 

0.72 

1.02 

11 

0.97 

0.99 

1.02 

0.98 

0.72 

1.03 

12 

0.99 

0.97 

0.99 

1.00 

0.66 

1.00 

13 

1.00 

0.98 

1.01 

1.01 

0.56 

1.03 

14 

0.99 

0.99 

1.02 

0.99 

0.54 

1.03 


column {aj, cincnoniaine aaueu lo waier ana exvraeieu juiu — - 

( 6 ), cinchonidine added to plasma and extracted into ethylene dichloride; w) ““ 
(d), apparent cinchonidine from plasma of patients, extracted into ethylene die o 
ride; (c), apparent cinchonidine from urine extracted into ethylene dichloride, e ore 
alkali wash ; (/) , apparent cinchonidine from urine extracted into ethylene die on e, 
after alkali wash. 


was shaken ■with a series of buffer solutions as described above. The resu 
of the examination are summarized in Table II. The data indicate a , 
as expected, the treatment with an alkali wash removes certam e^a 
dation products of cinchonidine from the ethylene dichloride phase, eavm 
behind a substance with solubility characteristics identical to ose 
cinchonidine.® 

'The degradation products of cinchonidine and :t°j 00 iov 8 l 

alkali, one alkaline wash of the ethylene dichloride extract sufficing or 
from both urine and plasma. The degradation products of quimne an 
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A similar study was made of the ethylene dichloride extracts of plasmaJ 
This indicates that the wash with the alcoholic KOH solution, which is in- 
cluded in the routine procedure, is sufiRcient to remove completely any 
degradation products which are present. 

DISCUSSION 

Information is at hand to indicate that the general procedure described 
above is applicable, with modifications, to a large number of alkaline drugs 
among which are codeine, plasmochin, benzedrine, ephedrine, and demerol. 
The modifications which will be required for the estimation of any one of 
these have not been worked out. However, it may be stated that these 
will vary according to the physical properties of the compound and its 
concentration in the biolopcal sample. A reaction similar in principle has 
been used in this laboratory for the estimation of certain organic acids. 
Here, the acid forms a complex ■with a basic dye (rosaniline) that is soluble 
in ethylene dichloride. 

A reaction somewhat similar to the methyl orange reaction has been 
described previously (5). The formation of a chloroform-soluble complex 
of eosin and quinine was utilized to estimate the concentration of quinine in 
urine. Eosin has been studied in this laboratory but its use is not advised, 
smoe it has a low color index and a relatively high solubility in chloroform 
and ethylene dichloride. These characteristics preclude its use in the 
analysis of alkaline drugs at the concentrations commonly observed in 
plasma. Two other somewhat similar procedures have been described 
more recently, one to estimate quaternary ammonium compounds (6), 
the other demerol (7), by forming organic soluble complexes Avith brom- 
phenol blue. This reaction is not generally useful in its present stage of 
development for application to plasma owing to a lack of sensiti'vity. 

SUMMARY 

A simple general method is described which, \vith minor modifications, 
can be applied to the development of methods for a large number of 
alkaloids and synthetic alkaline organic compounds. The method has 
been applied to the development of an analytical procedure for the estima- 


less soluble in water at a high pH. Consequently several alkaline washings are 
required for their removal in the analysis of urine in which they occur in high con- 
centration. 

’ Some alcohol is present in the ethylene dichloride extract of plasma as a result 
of the wash with alcoholic KOH. It is advisable to measure the distribution con- 
stants in the absence of alcohol. The cinchonidine is therefore quantitatively ex- 
tracted from the ethylene dichloride phase into aqueous acid, the latter alkalinized, 
and the cinchonidine finally returned to ethylene dichloride. The alcohol remains 
behind in the aqueous phase. 
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tion of the cinchona alkaloids, particularly cinchonidine, for illustrative 
purposes. 

Cinchonidine is isolated from the biological material by an extraction of 
the free base with ethylene dichloride at an alkaline pH. The ethylene 
dichloride is washed free of degradation products with alkali and shaken 
with methyl orange solution. Cinchonidine forms a salt with methyl 
orange which is soluble in ethylene dichloride and its concentration is esti- 
mated by determining the optical density of the ethylene dichloride 
solution. 

A technique is also described which can be used for appraising the speci- 
ficity of many analytical procedures. The distribution coefficients of the 
pure and apparent compound are measured in an ethylene dichloride-walcr 
system at various pH values of the latter phase. The procedure yields 
information on the extent to which degradation products of the drug in- 
terfere in the estimation and the solubility characteristics of the interfering 
substances. The latter type of information is used in devising modifica- 
tions of the basic procedure which introduce the desired specificity. 
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LETTERS TO THE EDITORS 


THE PREVENTION BY CAPRYLATE OF UREA AND 
GUANIDINE DENATURATION OF SERUM ALBUMIN 


Sirs: 

Low concentrations of sodium capryJate and related compounds mark- 
edly inerease the thermal stability of human and bovine serum albmnin,’ 
and prevent the rapid rate of enzyme digestion of senim albumin otherwise 
induced by urea denaturation.- Sulfate, as well as other inorganic anions, 
decreases SH group liberation by urea or guanidine.’ The denaturation 
of serum albumin by urea or guanidine hydrochloride results in a pro- 
nounced viscosity increase, attributable to a more unfolded or extended 
albumin molecule.* In this note viscoaty studies are reported which have 
shown that low concentrations of caprylate or relatively high concentra- 
tions of sulfate prevent the marked extension of the albumin molecule which 
otherwise occurs Mth solutions of albiunin in C m urea or 2.5 m guanidine 
hydrochloride, and, furthermore, effect a considerable decrease in the vis- 
cosity of serum albumin prcvioudy denatured in urea or guanidine solu- 
tions. 

Typical results of viscosity measurements are given in the table. The 
values represent (1) denatured albmnin, albumin in denaturing solution 
for 15 minutes; (2) stabilized albumin, caprylate or sulfate added before 
the albumin; and (3) partially regenerated albumin, caprylate or sulfate 
added 15 minutes after the albumin addition and the viscosity determined 
after an additional 15 minutes. The viscoaty decrease following caprylate 
addition to albumin denatured in urea is much more pronounced than the 
decrease noted in enzyme digestion rates." A caprylate concentration of 
0.005 M was sufficient for mardmum protection in 6 M urea. Data from 
ultrafiltration experiments showed that with 0.0050 m caprylate, about 
0.0024 M caprylate was bound by the albumin, or about 9 molecules of 
caprylate per molecule of albumin. Weight intrinsic viscosities, cal- 

' Ballou, G. A., Boyer, P. D., Luck, J. M., and Lura, F. G., J. Biol. Chan., 163, 
589 (1944). Boyer, P. D., and Lum, F. G., unpublished data. 

- Rice, R. G., Ballou, G. A., Boyer, P. D., Luck, J. M., .and Lum, F. G., J. Biol. 
Chem., 168, 609 (1945). 

’ Burk, N. F., J. Phys. Chcm., 47, 104 (1943). Grecnstein, J. P., J. Biol. Chem., 
130,519 (1939). 

* Xcurath, H., Cooper, G . R., and Krickson, J. O., Biol. Chem., 142, 249 (1942). 
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culated from viscosities of 0 to 2 gra. per cent albumin solutions, were 4.4, 
5.2, and 11.2 for albumin in solutions nuth no urea, 6 m urea and 0.02 m 
caprylate, and 6 m urea with no capiylate, respective!}'. The slight differ- 
ence in relative viscoaties of capiylate-stabilized albumin -with and ivith- 
out urea present may be due to either a slight denaturation of the albumin 
or to a solvation of the albumin by about 0.18 to 0.27 gm. of urea per gm. of 
protein. 

With the albumin in 2.5 m guanidine hydrochloride, the concentration 
of caprylate or of sulfate necessary for maximum effect was 0.025 and 
0.050 M respective!}'. Hence, caprylate was about 20 times more effective 


Effect of Sodium Caprylate and Sodium Sulfate on Viscosity of Human Serum Albumin 
in Urea and Guanidine Solutions 

The solutions contained 2.0 gm. per cent albumin, 0.01 m phosphate buffer, 0.025 ii 
sodium chloride, and were at pH C.9 to 7.1. The viscosities, determined with an 
Ostwald type viscometer at 30° ± 0.01°, are expressed as the viscosity relative to the 
solution without albumin. The relative viscositj' of 2 gm. per cent albumin in 
phosphate buffer was 1.090. 


TKatment of sample | 

Albumin tn 6 urea 

Albumin in 2.5 u guanidine hydrocblMlde 


Molarity 

of 

caprylate 

Relative 

viscosity 

Molarity 
of Na 
capf>*late 

Rebtive 

viscosity 

1 

Mobnly 
of NbtSu* 1 

1 

viscosity 

Denatured albumin 

0 

1.278 

0 


0 

1.281 

Stabilized " 

0.025 

1.104 

0.025 

1.09C 

0.50 

1.105 

Partially regenerated j 
albumin j 

0.025 

1.131 

0.025 

1.115 

0.60 

1.132 


than sulfate. The effect of guanidine hydrochloride on human serum 
albumin was much greater than that of urea, and at a concentration of 6 Ji 
was not prevented by any concentration of capiy'late. 

The prevention of heat or urea denaturation by small amounts of capry - 
ate indicates that caprylate exerts its effect by combination with ce u 
groups or areas on the albumin molecule, and that the same bonds are m 
volved in the initial phases of denaturation by heat or urea. 

The work described in this paper was done under a contract, recom 
mended by the Committee on Medical Research, between the ce 
Scientific Research and Development and Stanford University. 

Pici. D. Boraa 

Biochemical Laboratories 
Department of Chemistry 
Stanford University 
California 

tleecived for publication, March 17, 1945 








THE LYSINE CONTENT OF CASEIN AND ZEIN 


Sirs: 

In connection with an investigation on the metabolism of lysine,^ an 
analysis of casein by the decarboxylase method of Gale and Epps- was 
reported. The figure of 6.7 per cent found is lower than the values reported 
by Zittle and Eldred’ who also used the decarboxylase technique and that 
by Duim et al.* employing a microbiological assay method. It was errone- 
ously stated in our paper that the figure was corrected for ash and volatile 
matter. The casein sample used contained 2.6 per cent ash and 7.8 per 
cent volatile matter and the corrected lysine content of casein on an ash- 
and water-free basis is therefore 7.5 per cent, a value which is in good agree- 
ment with that found by the workers mentioned above. We have now 
repeated lysine estimations with the decarboxylase method on several 
samples of casein using hydrolysis with HCl and obtained values of between 
7.5 and 7.8 per cent of lysine on a water- and ash-free basis. The value 
given by Dunn el al. is slightly higher and it may therefore be assumed 
that casein contains between 7.5 and 8 per cent of lysine. 

The amoimt of lysine present in zein is of special interest in connection 
with the use of this protein in dietary experiments in which the absence of 
lysine is desired. Zein was hydrolyzed with 10 xr HjSOi for 18 hours and 
the hydrolysate neutralized with Ba(OH):. The BaS 04 precipitate was 
repeatedly esdracted mth boiling water; the combined solutions were 
concentrated and used for the estimation of lysine. The amounts found 
were negligible, even after the hydrolysates has been freed of most of the 
glutamic acid and some of the more insoluble monoamino acids. This is 
in agreement with the findings of Zittle and Eldred.’ The minute and 
slug^h evolution of CO 2 foimd with some zein samples may be due either 
to contamination with other proteins or to the presence of hydroxylysine. 

Nalional Institute for Medical Research A. Neubekgek 

Hampstead 

London 

Received for publication, March 28, 1945 

' Neuberger. A., and Sanger, F., Biochem. J 38, 119 (1944). 

» Gale, E. F., and Epps, H. M. R., Nature, 162, 327 (1943); Biochem. J., 38, 232 
(1944) . 

* Zittle, C. A., and Eldred, N. R., J. Biol. Chem., 166, 401 (1944). 

Dunn, M. F., Camien, M. N., Shankman, S., Frankl, W., and Rockland, L. B 
J. Rfol. CAem., 166, 715 (1944). 
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ISOLATION OF A URINARY STEROID WITH AN OXYGEN 
ATOM AT CARBON 11 

Sirs: 

A compound with an oxygen atom at C 11 of the steroid nucleus has been 
isolated from the urine of seven patients with disease of the adrenal cortex. 
There were three women with tumors, three female pseudohermaphrodites 
with hyperplasia, and one young boy with hyperplasia. This compound 
was obtained from the alcoholic ketonic fraction of the neutral extract of 
the acidified, boiled urine and was eluted from a chromatographic column 
of alumina with carbon tetrachloride containing 0.5 per cent by volume of 
absolute alcohol. It has the formula CjsHjoOj (calculated, C 74.44, H 
9.87; found, C 74.24, H 10.19), melts at 197-198°, and [«]J“ = +96.6° ± 
2°. When it was heated at 90° for 30 minutes with acetic anhydride and 
pyridine, it formed a monoacetate, ChHkOi (calculated, C'72.38, H 9,26; 
found, C 72.77, H 9.17), wliich melted at 240-242°. The original sub- 
stance did not give a precipitate with digitonin in 90 per cent methanol. 
It formed a yellow dinitrophenylhydrazone which melted at 250-251°. 

O.xidation wth chromic acid gave a product which was found to be iden- 
tical with androstane-3,ll,17-trione (calculated for CjsHjsOj, C 75.46, 
H 8.67; found, C 75.98, H 9.00). After recrystallization from diy ether 
it melted at 178-179°; [a]n® = +151° ± 3°. Andro8tane-3,ll,17-trione 
prepared from an adrenal steroid bj' Mason, Hoebn, and Kendall' melted 
at 178-179°; [ajj® = +152° + 2°. A mixture of androstane-3, 11,17- 
trione with the o.xidation product of the urinary compound also melted at 
178-179°. The oximes of the oxidation product and of androstane-3, 11, 
17-trione both melted at 264-268° (con-ected) with decomposition and a 
mi.xture of the two also melted at 264-268° (corrected). 

Spectrophotometric analysis of the colors produced by the urinary sub- 
stance and its oxidation product in the Zimmennann reaction gave curves 
mth maximal absorption at 520 m/i, similar in other respects to the curves 
obtained with known 17-ketosteroids. The urinary compound produced 
73 per cent and the oxidation product 115 per cent as much color as dehy- 
drolsoandrosterone on a molecular basis. 

These results speak for a formulation of the urinary compound as 11(3- 
hydroxyandrosterone (androstane-3a,ll|8-diol-l7-one). The possibility 
of a ketone group at position 11 cannot be excluded rvith the evidence 
available. However, the analyses favor the conclusion that there are two 
hydroxyl groups present, one of which is not readily acetylated. Von 
Euw and Reichstein- have isolated from adrenal extracts androstane- 

‘ ifason, H. L., Hoehn, W. M., and Kendall, E. C., J. Biol. Chem., 124, 459 (1938). 

’ von Euw, J., and Reichstein, T., Helv. chim. acta, 24, 879 (1941). 
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3/3,lljS-diol-17-one, -which melts at 236° and which forms only the 3-mono- 
acetate with acetic anhydride in pyridine. Keichstein’ has also ojddized 
this substance as well as other adrenal steroids to androstahe-3, 11,17- 
trione. 

The urinary compound conceivably could be a metabolic product of any 
of the adrenal steroids which have an oxygen atom at C 11 but it is more 
likely the product of the metabolism of compounds which also have a 
hydroxyl group at C 17 such as 17-hydroxycorticosterone. 

Division of Biochemistry Harold L. Masox 

The Mayo Foundation 
Bochcstcr, Minnesota 

Received for publication, March 26, 1945 

’ Roichstein, T., Helv. chim. acta, 19, 402 (1936). 



UNALTERED GLOBIN, AND CRYSTALLINE, SYNTHETIC 
(RECONSTITUTED) MYOGLOBIN 

Sirs: 

The degree of alteration of isolated globin may be determined by the 
spectrophotometric analysis of synthetic products formed from globin and 
protohemin. At weakly alkaline pH, with Na:S 204 , the following reactions 
occur.*' - 

2 globin (unaltered, mol. \vt. = 34,000’) + 4 protohemin — > 1 ferroliemoglobin 

(mol. wt. = G8,000) (1) 

2 globin + J6 protohemin — • 1 ferrohcmoglobin + 12 fCrrohemiu <2) 

2 globan (altered globin, mol. \vt. = 34,000’) + d protohemin — > 4 reduced 

hemochromogcn (3) 

2 globan + 16 protohemin — » 16 reduced hemochromogen (4) 

These equations state that 1 mole of native globin (mol. wt. = 34,000) 
combines in the presence of excess hemin with only 2 hemin units (Reaction 
2), whereas altered globin (same molecular weight) may combine tvith as 
many as 8 units of hemin^ (Reactions 3 and 4). 

Even the best reconstituted hemoglobins, obtained by Reaction 1, are 
less stable’'^ than natural hemoglobin, and differ from the latter in electro- 
phoretic mobility’ and solubility after electrodialysis.’ In the ivriter’s 
hands fresh acid globin preparations, made by the splitting of hemoglobin 
in HCl-acetone,’ yield with hemin and NajSiOj mixtures of 70 to 60 per 
cent of ferrohcmoglobin and 30 to 40 per cent of reduced hemochromogen 
(a combination of Reactions 1 and 3). 

Since myoglobin is more stable to alkali than hemoglobin,® the prepara- 
tion of the globin from the muscle pigment was undertaken with the hope 
of securing a relatively stable and unaltered globin. This has been real- 
ized, and has permitted a successful synthesis of ferrimyoglobin, presum- 
ably identical with the corresponding form of the natural pigment, accord- 
ing to the reaction, 

1 globin from myoglobin (unaltered, mol. wt. = 17,000) + 1 protohemin — » 1 

ferrimyoglobin (5) 

' Drabkin, D. L., Proc. Soc. Exp. Biol, and Med., 41, 225 (1939). 

’ Drabkin, D. L., Federation Proc., 2, 61 (1943). 

’ Gral^n, N.,Biochem.J.,Z3, 1907 (1939). 

■■ Roche, J., and Combette, R.,'Rufi. Soc. chim. biol., 19, 627 (1937). 

’ Anson, M. L., and Mirsky, A. E., J. Gen. Physiol., 13, 469 (1929-30). Schenck, 
E. G., Arch. exp. Path. u. Pharmakol., IBO, 160 (1930). 

‘ Theorell,!!., Riochem. Z.,2B2 , 1 (1932); 268, 46 (1934). 
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Steps in the preparation and synthesis follow: (a) Crystalline (ortho- 
rhombic^) ferrimyoglobin was isolated'-® from horse heart. (6) A salt- 
free pigment solution was secured by dialysis at 0°. (c) By means of the 
lyophile process the myoglobin was recovered in diy state, and from the 
latter a concentrated solution (~4.0 mar per liter) was obtained, (d) 
The globin waa split off in chilled HCl-acetone (10 volumes of solvent, 1 
volume of pigment solution, pH 1.9), washed once with acid acetone, and 
two times with unacidified acetone. These procedures and subsequent 
synthesis were performed quantitatively, at room temperature, in centri- 
fuge tubes, (e) The acid globin was dissolved in water, and to this solu- 
tion was added in 0.03 m NaOH an equimolecular quantity of crystalline 
a-chlorohemin, prepared from dog hemoglobin.® The still acid mixture 
was brought to pH 7.2, sufficient alkali being used to dissolve the isoelec- 
tric precipitate, at pH 6 to 7, of synthetic ferrimyoglobin. 

Spectrophotometry upon aliquots of the stable, neutralized solution 
'(concentration of pigment ^ 1 m&r per liter) revealed complete recovery of 
the protein as ferrimyoglobin, identical with the natural substance in 
respect to absorption constants and characteristic wave-length locations 
of maxima, in the presence of CN“, Na^iO^, NajSsOi -f- CO, and Na^A 
+ O5. 

The synthetic ferrimyoglobin has been successfuUy crystallized in the 
habit of sheaves of capillary prisms (needles), identical ivith the charac- 
teristic crystal habit of the natural pigment. 

Department of Physiological Chemistry David L. Dbabkik 

School of Medicine 
University of Pennsylvania 
Philadelphia 

Heceived for publication, March 12, 1945 

’’ Drabkin, D. L., Am. J. Med. Sc., 209, 268 (1045). 

» Morgan, V. E., J. Biol. Chem., 112, 557 (1935-36). 

» Drabkin, D. L., and Austin, J. H., J. Biol. Chem., 112. 89 (1935-36). 



ENZYMATIC SYNTHESIS OF A NUCLEOSIDE 


Sirs: 

The purine nucleosidases have been thought to split nucleosides into 
purines and free ribose (or desoxyribose). Evidence is herein presented 
that l-phosphoribose rather than free ribose is liberated. 

It has been reported that nucleosidases are activated by phosphate and 
arsenate.' We have studied the action of a specific inosine nucleosidase 
prepared from rat liver and have found that the enzyme is a phosphorylase 
which catalyzes the reversible reaction, inosine (hypoxanthine riboside) 
+ phosphate hypoxanthine + ribose-1 -phosphate. The equilibrium 
greatly favors S3Tithesis of the nucleoside. 

The liberation of hypoxanthine from inosine in the presence of nucleo- 
sidase requires phosphate. 1 mole of phosphate is taken up for each mole 
of hypoxanthine liberated. The reaction does not proceed very far, how- 
ever, except in the presence of large amounts of phosphate, or unless the 
hypoxanthine formed is oxidized to uric acid by addition of xanthine oxi- 
dase. In the latter case the reaction goes to completion and 1 mole of uric 
acid is formed for each mole of P which disappears. Incubation of hypo- 
xanthine plus ribose with xanthine oxidase and nucleosidase does not cause 
a change in the inorganic phosphate. 

It has been possible to isolate as a barium salt a new phosphoric ester 
which is formed by the action of the nucleosidase on inosine. The ester is 
extraordinarily labile to strong acids. Incubation for 1 minute at 30° in 
0.3 N HCl is sufficient to hydrolyze 50 per cent of it, and after 15 minutes 
incubation in acid, the ester is completely hydrolyzed. The ester contains 
approximately equimolar amounts of pentose and of labile phosphate 
(0.9 micromole of pentose per micromole of labile P). No free aldose groups 
are present. However, after hydrolysis approximately one aldose group 
is found per mole of labile P (0.9 micromole of aldopentose for 1 micromole 
of labile P). The ester must, therefore, be characterized as a pentose-1- 
phosphate, and since it is formed from a ribose nucleoside it seems justified 
to assume that the ester is iibose-1-phosphate. 

If ribose-l-phosphate is incubated with hypoxanthine and nucleosidase, 
mosine is synthesized and an equimolar amount of inorganic phosphate is 
formed. Thus, 0.58 micromole of hypoxanthine plus 0.58 micromole of 
nbose-l-phosphate incubated for 20 minutes with 150 y of nucleosidase gave 
the follovmg result: inorganic P liberation 0.36 micromole; hypoxanthine 
disappearance, 0.39 micromole; inosine synthesis, 0.39 micromole. The 
controls in which one of the components was added after denaturation of the 

'Klein, W., Z. physiol. Chem., 231, 125 (1935). 
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enzyme contained the amounts of hypoxanthine and ribose-l-phosphate 
originally added. 

The equilibrium (reached -within 20 minutes) favors the formation of 
inosine; at least 70 per cent of the free purine and ribose-l-phosphate is 
converted to inosine and inorganic phosphate at pH 6.5. The synthesis 
of inosine -vvould probably proceed farther if all traces of inorganic phosphate 
were removed, since ■\\'ith equimolar amounts of inosine and phosphate as 
starting material it was found that only 10 per cent of the riboside undergoes 
phosphorolySis at pH 6.5. 

The technique involved in these experiments was as follows: Inosine and 
hypoxanthine were determined optically at 290 mu as described in a previ- 
ous paper.* Phosphate -was determined by a micromethod devised by 
Dr. 0. H. Lowry* in which it is possible to determine inorganic phos- 
phate in the presence of a highly acid labile phosphate ester. Pentose 
was determined colorimetrically^ and aldose titrimetrically.* 

' We are suggesting that the enzyme catalyzing the equilibrium reaction 
"“be called nucleoside phosphorylase, in analogy with Cori’s polysaccharide 
'^phosphorylase and Doudoroff’s disaccharide phosphor 3 'lase. 

Division of Nutrition and Physiologij Herman JI. Kamkab 

The Public Health Research Institute 
of the City of New York, I tic. 

New York 

Received for publication, April 10, 1915 

’ Kalckar, H. M., J. Biol. Chem., 168, 313 (1945). 

’ Lowry, O. H., unpublished experiments. 

* Mejbaum, tV., Z. physiol. Chem., 268, 117 (1939). 

'Macieod, M., and Robinson, R., Biochem. J., 23, 517 (1929). 


THE ISOLATION OF a-ESTRADIOL FROM THE URINE OF 

STALLIONS* 


Sirs; 

Since the discovery' that the urine of stallions contains large quantities 
of estrogenic material, a number of reports of the isolation of estrone from 
this source have appeared. A search of the literature does not, however, 
reveal any attempt to investigate the non-ketonic estrogenic fraction of 
such urine, although Beall- isolated «-estradiol from stallion testes in a 
yield of 0.21 mg. per kilo of fresh tissue. , 

The present writer has investigated four specimens of stallion urine 
and has found that a major proportion of the estrogenic activity appears 
in the weakly phenolic, non-ketonic fraction of the urine extract and is 
apparently due to estradiol. In one fresh sample of pooled urine from 
several stallions, assaying about 150,000 rat units of estrogenic activity 
per liter, the weakly phenolic, non-ketonic fraction accounted for more 
than 90 per cent of the activity. A similar figure was obtained from the 
concentrate of another pooled sample of stallion urine. The estradiol 
content of two urine specimens, collected several months apart from a single 
stallion, accounted for 42 and 44 per cent, respectively, of the total activity. 
One of these specimens assayed 57,000 rat units per liter; the other assayed 
only 4400 rat units per liter. 

Estradiol was isolated as the di-or-naphthoate in good yield from the 
two more active preparations. The fresh, pooled urine specimen yielded 
chemically pure, crystalline estradiol-di-a-naphthoate in an amount equiva- 
lent to 5 mg. of free estradiol per liter of urine. The crystalline products 
were proved to be estradiol-di-a-naphthoate by melting point, by melting 
point when mixed with authentic a-estradiol-di-a-naphthoate, by elemen- 
tary analysis, and by comparison of the weight of the rat unit to that of the 
mouse unit of the free estradiol. 

To the extent of the writer’s knowledge, these findings show certain 

•Aided by a grant, administered by Dr. P. E. Smith, from the Rockefeller 
Foundation. 

'Zondek, B., Nature, 133, 209 (1934). Haussler, E. P., Helir. chim. acta, 17, 531 
(1934). 

’Beall, D., Biochem. J., 34, 1293 (1940). 
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values detevniined experimentally by direct integration of the patterns 
agreed veil ivith the knorni composition of the mixture, as can be seen 
from results gii-en in Table I, and indicate that correct analyses in buffers 
of low ionic strength can be made by simple integration of the diagiams. 

The study was extended to analyses of swine serum. In barbital buffer 
of pH 8.6 and 7.8, insignificant variations in percentage composition were 
observed nith change in ionic strength, as .shown in Table II. 


Table II 
Swine Serum* 


1 

Protein 1 

cDncentmtion j 

1 

pS 

Ionic strength j 

Albumin coocentrsUon 

Ascending side ‘ 

Descending side 

Per etui \ 


■■miM 

1 

per cent 

percent 

3.91 1 

7.8 


38.7 

39.8 

2.58 ! 

8.6 


36.4 

36.7 

3.89 

8.6 

1 0.25 

1 37.3 

, 36.9 

3.19 j 

8.6 

0.40 

35.8 

35.8 


* All of those analyses were made on the sanre pool of swine sera. 


The results of these experiments show that, with the electrolytes here 
employed, estimation of the percentage component composition of an 
artificial mixture of proteins can be made with high accuracy by means of 
electrophoretic analysis. In the experiments with swine serum there was 
little evidence of dependence of percentage composition on ionic strength 
within the limits investigated. From these results it seems clear that 
Svensson’s conclusions in these respects are not wholly' applicable to the 
general problem of electrophoretic analysis. 

Deparlmenl of Surgery Gebalp R- Coopbb 

Duke University School of Medicine 
Durham, North Carolina 


Received for publication, Slarch 12, 1045 
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